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PERMANENT TOTAL BY-PASS OF THE PULMONIC VALVE 

T J Doxo\ ax, MD, axd J F Doxoian, MD 
Boston*, Mass 

I N previous publications a technique mas presented for circumventing tlie 
pulmonic TalTe 1-5 The relevance of this research to the problems of con¬ 
genital evanosis was mentioned in these reports Pulmonic stenosis and atresia 
about 70 per cent of cases of cyanotic congenital heart disease—will present 
manv pathological variants refractors* to valvulotomv or the direct surgical 
approach. This is also true of the remaining 30 per cent comprising tricuspid 
atresia, truncus arteriosus, complete transposition, and other malformations 
The technique described herein provides egress from the blocked cardiac cham¬ 
ber and is being applied with equal success to the right and left ventucles at 
the present time 6 

As previouslv reported, a homologous vena cava was sutured end-to-side 
to the junction of left and main pulmonarv arteries and affixed to a plastic 
tnbe which was inserted into the pulmonarv conns of the nght i entncle The 
mam pulmonarv arterv just distal to the valve was then totallv occluded by 
bgature, thus diverting the entire cardiac output through this new pulmonarv 
arterv (Fig 1) One vear follow-up studies on this senes of animals showed 
that the operative procedure was tolerated well, both immediately and remotely, 
and that the shunt closelv simulated a valveless pulmonarv arterv 5 Evidence 
was presented that the absence of a pulmonic valve over this one-vear period 
seemed to have no significant untoward effect on cardiac function T his 
publication presents data on those animals studied three and one-half years 
postoperatively 


ATETHOBS 

Four of the 8 animals with main pulmonarv arterv ligation were sacnficed 
JuAoier a vear postoperatively (Group A), and the other 4, about thiee and 
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one-half years after opeiation (Group B) Both gioups were ran on the 
tieadnull two to three months postoperatively, and those m Gioup B weie 
given the same exercise again just befoie sacufice A few days aftei the 
fust practice run on the tieadnull, the duration of the second lun "was 
leeorded at 4 5 miles pel hour on a 10 degree incline Other obseiiations 
included pulse and respnatory lates, and duration of the lecovery penod 

Just before sacrifice, mtravascular pressures were leeorded under anes¬ 
thesia with the open chest and intermittent insufflation of the lungs Hamilton 
and Sanborn manometers were used in Groups A and B, respectively Pol) \ iso 
recording equipment was used in both groups 



Fig 1 —Diagram of extracardfac shunt \\ Ith main pulmonarj arterj ligation 


RESULTS 

Table I summanzes the data on a senes of 12 animals The two opeiative 
deaths were due to improper cardiotomy The one postopeiative death was 
due to lupture of a rein graft wluch was small and unerenly applied to the 
tube The remaining 9 animals were well postoperativelj One of the 9 had 
a tube too shoit to reach the rentncle, and the mam pulmonan arteiy was not 
ligated Table II shows the treadmill results of the 8 animals with main 
pulmonan arterj ligation 

Table III summarizes the physiological and anatomical data Since cardiac 
outputs are not recorded, the pressure giadients acioss the shunts do not 
aceurateh quantitate the degree of stenosis It is interesting, howerer, that 
the areiage gradient (excluding the dog with the aneuiysm) was 4 mm Hg, 
a low \aluc eren at basal cardiac outputs" In no dog was there stenosis of 
the suture anastomosis In one animal the stenosis was due to constnction of 
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the graft formed in preparation In the others, however it was unifoimh 
located at the fube-x essel mnction The usual cause of the slight stenoses was 
the abrupt angulation of the graft at the tube-vessel junction The average 
diastolic pressuies in the right ventricle and pnlmonarv arterv were 2 and 
3 mm Hg, respectivelv The mean right atrial pressures aveiaged 4 mm 
Hg oi 2 mm higher than the diastolic pressures in the right ventricle The 
left atrial pressures m Group B averaged o mm Hg or about 1 mm Hg higher 
than the average right atnal pressures in Groups A and B 

Angiocardiography- at see to eight months postoperatn civ denionstiated 
slumt patencv m the S animals Fig 2 shows the tvpieal auatomv of the new 
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Tible III Summary of Anatomicvl and Pm siologic u, Stowes 
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Fig 2—Dlodraat angiocardiogram ulth txplanatorj diagram In the latter I! 1 de 
notes right ventricle T tube G graft R A right auricle A point of ligation St C 
superior \ena cat a MPA main pulmonnrj arterj LPA left pulmonnrj arterj 11P A 
right pulmonarj arterj 


channel demonstrated radiographically One animal (No 24) had an aneurism 
at the tube icssel junction The wall of the aneurism nas composed of health! 
fibrous tissue and nas partialh fined mth a thin clot Despite 3 fitters of 
pups and 3 runs on the treadmill, this aneurism had not enl.nged significant!! 
or ruptured oici the three-iear period It encioached on the lumen of the 
shunt, lion ever, and caused the most marked stenosis and miocaidial Inper- 
troplii seen m tliese animals (Table III) 
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In 2 of the 8 animals there was a 1 to 2 mm hole m the ligated main pul¬ 
monary alter} which would just admit the tip of a probe The volume flow 
tlnough these channels could not have been of functional significance As 
can be surmised from Fig 2, most of the stroke yolume is ejected against 
the portion of the graft opposite the epicardial mouth of the tube—henceforth 
refeired to as the “stress area ” Three of 4 m Group A had stiess plaques 
m this area, wheras at three and one half years postopera tn ely, only one 
animal had similai changes of minimal degree Microscopically, these calcified 
plaques appealed cartilaginous m some sections The eaily giaft redundancy 
also disappeared m Group B, and the replacement fibrosis at the stiess area 
caused a umformlj abrupt angulation at the epical dial mouth of the tube, 
which was the point of slight stenosis in the pressuie studies In 2 of the 
animals in Group A, a plaque appeared to project into the lumen of the vein 
at the juxta-cardiae portion of the tube-vessel junction wheie the graft was 
redundant Figs 3 and 4 show the typical one and three and one-half jeai 
shunts completely patent and completely diverting The suture anastomoses 
and giafts weie yvell endothelialized and contained healthy, cellulai fibious 
tissue Note the smooth endocaidial anastomoses 

DISCUSSION 

The operatne mortality is definitely leducible by out piesent teclmique 
These decisne refinements in the endocardial anastomosis will be detailed in a 
later publication 

Although these dogs were not exeicised on the treadmill pieopeiatnelj, 
experience with untiained normal dogs controls these observations It is to be 
noted that their exercise tolerance did not decrease o\ei a thiee-yeai penod 
Since the mjocardial reserve is the important limiting factoi in these inns, 
these data are a measuie of the oyer-all cardiac function The amount of woik 
done by these animals is incompatible with any significant deciease in mjocaidial 
leseive Furthermore, the right \entneulai endiastohc and right atnal pies 
suies are inconsistent with heart failure Although the low diastolic piessuies 
in the pulmonary artery e\mce pulmonic leguigitation, the normally low mean 
pulmonary-arterial piessuies minimize the amount of pendulum blood in the 
light \cntiicle The pulmonic insufficiency was probably a minoi factor as 
compared with the stenoses of the stiess area in causing the right yentriculai 
hypeitrophj recorded in Table III 7 

The estimated mjocaidial hypertrophy correlates yyell with the lieail 
y\eight/body-yyeight latios calculated from Table III Three of the latios in 
excess of Heirmann’s normal range (0 0060 to 0 0099) aie in the animals 
yyitli moderate right yentnculai hvpeitrophj from the most maiked stenoses 
in these shunts The ayeiage heait-weight/bodj-yyeight ratio in these 8 animals 
is just yyitlun the normal range as delineated bj Henmann and others ' 8 
Moicoyer, the heart y\eights and the heart-yy eight/bodj-yy eight ratios do not 
increase oyer the tluec-jeai penod in this admittedlj small series of cases* 

•The n\emgc heart welght/bod} weight ratio In doge Is about twice that reported In 
human beings* 



DONOVAN AND DOVOVAN PERMANENT TOTAL BA-PASS OF PULMONIC VALVE ( 

Since these stenoses and other pathological lesions are almost uniformly 
confined to the area of the tube-vessel junction, new shunts are being con¬ 
structed with homologous grafts of aortic arch m place of the vena caval 
homografts Curved plastic tubes aie also being used to sustain the direct 
foree°of each svstokc ejection These new techniques should obviate the eaily 
rupture and late stenoses m this stress aiea 

Smce it seemed preferable a prion to have a valve m the shunt, studies 
were pursued on the fate of the valves of venous homogiafts Fresh femoral- 
venous homografts containing one valve were sutured mto gaps of divided 
abdominal aortas and left pulmonary artenes It was noted that clots fre¬ 
quently formed in the sinuses distal to the v alv e cusps despite permanent 
patencv of the grafts Aftei a few weeks the cusps adheied to the graft 
wall and failed to function This process along with the host replacement 
fibrosis renders the valve m the venous homograft of little value for long-term 



. Fi S 5—Successful by-pass of the aortic \al\e. Luclte ball \ahe in the apex of the 
leu \ entrlcle leads to thoracic aorta \la an aortic homograft sutured end to side. Aorta 
proximal to this anastomosis Is completely occluded 


function Lucite ball valves have therefore been studied under svstemie artenal 
pressuies m shunts from the apex of the left ventricle to the side of the thoracic 
aorta Fig 5 shows a successful circumvention of the aortic valve 5 Although 
in this shunt, perfoimed in 1950, the ball valve woie out m five weeks, revision 
of the valve subsequentlv has largelv elmunated this pioblem 

SUMMARY AND CONCLUSIONS 

One- and three-veai postopeiative studies are lepoited on animals with 
peunanent kgation ot the main pulmonary arteiv and total by-pass of the 
pulmonic valve through an extiacardiac shunt The shunt of plastic tube and 
venous homograft connects the right ventricle to the mam pulmonary arterv 
just distal to the occlnsiv e ligature Despite the absence of a valve m the shunt 
it is tolerated well, both immediatelv and remotelj postoperativ elv as adjud-ed 
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by the results of treadmill runs, intravascular pressure determinations, heart 
weights, and othei studies The relevance of this reseaich to congenital cjanosis 
of caidiac origin is discussed 

Acknowledgment —We are indebted to Drs S J Sarnoff, E Berglund, and A C 
Barger for the intravascular pressure studies 
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QUANTITATIVE OBSERVATIONS DURING THE FREEZE-DRA. 
PROCESSING OF ARTERIAL SEGMENTS 

Sigmund A. AYesolowski, Captain, AIC,* Lester R Sauvage, Captain, MC, and 

Roger D Pixc, MS 

AY ASHINGTON, D C 

F REEZE-DRIED arterial segments hare been shown to be stable in stoiage 
for prolonged periods and to sene as acceptable blood conduits when used 
to bridge defects in major homologous arteries 3 3 5 1S M 1 > 1S 19 -° A anous 
apparatuses are cuirentlv being used to free-drv aitenal segments AA e 
have compared the characteristics of three and are reporting the results herein 
These results indicate that satisfactorv freeze-dned arteries mar be prepared 
bv simple techniques using suitable mamfold-tvpe l acuum systems 


APPARATUS 

Vacuum systems of the three following designs were studied (1) The 
Crvostatic DouhletT svstem similar to that dei eloped bv Hufnagel 14 (Fig 1) 
uhieh consisted of a Ceneo-Hvpervac 4 mechanical a acuum pump, a length 
of rubber hose, oil diffusion pump, a metal connecting elbow a cold rapor 
trap, and a senes of paired specimen traps at the bottom of which specimen 
tubes bearing artenal segments Mere attached The term “doublet’ refers 
to a pair of jomed specimen traps A Philips (ionization) gauge measured 
the absolute pressure in the metal elbow connecting the diffusion pump to the 
cold trap (2) A glass manifold and trap system (Fig 2) This consisted of 
a Cenco-Hvpen ac 4 pump, a short length of rubber hose, a glass cold yapor 
trap, a glass manifold bearing three standard taper joints to which specimen 
tubes uere attached, and an absolute pressure gauge connected to the glass 
manifold. For purposes of this report this system is termed the glass mani¬ 
fold and trap (3) A brass trap-manifold system (Fig 3) This consisted of 
Cenco-Hvpervac 4 pump connected by a short length of rubber hose to the 
glass outer portion of the yapor trap The inner tube of the trap u as an in¬ 
tegral part of the brass manifold. The glass outer portion of the Aapoi tiap 
was jomted to the manifold br means of a brass tapei joint extended as the 
inner tube of the trap 

Combinations of these systems were also studied. The combinations in¬ 
volved placing a doublet m senes with brass manifold extensions with and 
Withou t the use of the diffusion pump m senes Anth the mechanical pump 

F M^^{ e c?mir'°Va°h.nS^S MedICal Ser ' ,ce Graduate Sch< »' *““er *<*<1 

Hecehetl for publication No\ 15 1954 

Medic° f TorK C « or 

t Manufactured bj BiA ac. 4001 Morrison Street, X AA., AAashington, D C 
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Also, ue studied systems m paiallel off the mechanical pump to msuie identi 
eal ambient conditions in ceitain companion inns The studa of paiallel sys¬ 
tems uas aalid because the cold traps pi evented ciossoiei of ivatei lapois 
fiom one system to the othei The details of these in-senes and in-parallel 
cn euits will be described m the appropnate sections 



Fig 1—Photograph of the Cnostatlc Doublet freeze dr>er A Cenco Hjpor\nc 4 
mechanical \acuum pump B One half Inch Inside dlnmeter rubber hose leading to C Cenco 
oil diffusion pump D Metal connecting tube E E Philips gauge nnrl Indicator F ( ln-=s 
trap surrounded b) Dewar fla'k filled with coolant (drj Ice or liquid nitrogen) G Doublet 
specimen traps u Specimen tube containing processing arterlnl segment 

McLeod Philips and Pn am a aciuiin granges n ere emploa ed in this stuch 
Tlie McLeod gauge had a range of fiom 1 to 5 000 nueions of meicun abso¬ 
lute pleasure The Philips gauge had a innge of mcasuiement fiom 3/1,000 
to 1 micion of lnercun absolute piessuie The Philips gtiuge m the ( nostatic 
Doublet svstem desenbed Melded no mfoimntion ns icgaids the untei anpoi 
piessuies dining the diunig cade because of its location betaveen the cold 
anpor trap and the diffusion pump Hoaaeaei, this gauge did indicate the 













Fie *> Photograph of the glass manifold and trap freeze-doer A Cenco-Hyi^ r \ac 4 

mechAnlcal” vacuum pnmp° B Rubber connecting ho*e. C Glass trap surrounded bj a 
Deu-ar flash filled with coolant. D Glass manifold tPvretc tubing. I 1 -, Inches Inside diameter 
17 Inches long) E AtcLeod gauge and Indicator F Specimen tube containing human aortic 
segment. 



_. F1 F , s —Photograph of the brass trap-manifold freeze-drver A rpnnvRrru.r,-n^ 1 

mechanical vacuum pump B Pubber connecting hose, c Glass outer Pihe nil 
trap surrounded bv a Denar flash containing coolant! D Bmrf °r 15® 

trap nhlch 1* pormanentlv attached to the end of a standard taoer mint^ U yj'I;-' r 
Bra?' manifold F Capped end of manifold G 
mnnlfold can be u«ed as the attachment site of one ofvarious gauceJfor^h? 6 ^.^^, of th ? 
of the vapor rressure during processing 'anous gauges for the measurement 
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degiee of eiacuation of noncondensable gases (air) from the si stem The 
Piram gauge had a range of fiom 1 to 1,000 micions of mercury Pirani 
gauges weie used to measure water lapoi pressures at various sites wit Inn the 
manifolds and specimen tubes 

The principle of the Pirani gauge depends upon the cooling effects of 
gases upon a hot wire The cooling effect for any particular gas ranes with 
the concentration (pressuie) With changes m temperature of a hot wire, 
theie are changes m resistance These changes in resistance aie calibrated 
in a budge circuit lmolvmg the use of a second standard Pirani gauge The 
Piiani gauge pressuies nere constantly lecoided duimg processing by means 
of direct ink wilting lecorders* Vanous gases at equal absolute pressures 
cool the hot wue of the Pirani gauge in propoition to the coefficient of ther¬ 
mal conductivity nhich is a constant for a given gas and is inversely piopor- 
tional to the moleeulai weight Thus, if hydrogen, watei vapor, an and 
argon, each at 200 microns of mercury true pressure, be measured bv the same 
Piram gauge the gauge reading will be appi oximately 500 micions for hy 
drogen, 300 nueions foi natei vapor, 200 microns foi drj' air, and 100 microns 
foi argon 1 Pnam gauges aie calibrated using dry air and, therefore, nhen 
used to measme piessuies of nater iapor during freeze-drying null lead to 
leadings that aie falsely high as regards the true pressuie On the other 
hand nlien ethylene oxide is used, the readings aie falsely Ion since this gas 
has a moleeulai n eight gi eatei than that of argon Ethi lene oxide at a true 
piessure of 200 micions of mercury will lesult m a Pnam gauge reading 
belon 100 micions of meicun pressuie When using these gouges, theiefoie, 
one must knon the gas ini olied so that the Piram gauge leading may be 
collected to tiue pressuie The collected gauge reading of lapois mimedi- 
ateli sunoiuiding a fiozen specimen is a good index of the tempeiatuie of 
the specimen 


experimental, method 

Tlnee ti pes of aiteual segments neie used m the present study the 
pig abdominal aoita fiom the lenal artenes to the bifurcation, pig thoiacic 
aoita and the entile human aorta with attached iliac lessels 

All aiteual segments neie piepaied m a standard mannei, neighed to 
0 1 mg using a Fisher Giam-atic balance and then fiozen in specimen tubes 
to the tempeiatuie of dri ice (-72° C) While the artenal segments neie 
being piepaied the lacuuin si stem, with all ports plugged, was eiacuated 
until a base line (constnnt) pressure was attained At this point the lacuuin 
pump nas stopped, the plugs removed the specimen tubes rapidly at¬ 
tached to the poits, and the pump restarted Dri ice was maintained about 
the specimens until the piessuie of the system approached the base line of 
the dn si stem At this point the CO- nas remoied from around the speci¬ 
men tubes and the drung cvele begun 

•Cnuce manufacture*! b\ Consolidate! \ ncuum Corporation recorder manufactured by 
Broun Instrument Company 
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FREEZE-DRY PROCESSING OF ARTERIAL 


SFOAIEXTS 13 


SUBLIVl ATIOX OF ICE 


Befoie proceeding fiuther it is advisable to ienew bneflv the phisical 
principles involved in the drvmg of frozen aiteues Fi eeze-di ving is the 
removal of water from a specimen bv sublimation of ice under high vacuum 
Simple evaporation of the water fiom an arterial segment m a vacuum sys¬ 
tem (without prior freezing) lesults m a specimen which has noticeably 
changed phvsical properties upon reconstitution and uhich when homo- 
grafted into the experimental pig has an increased susceptibilitv to degeneia- 
tne change and late thiombosis=° It is therefore advisable that aitenes be 
kept frozen during pioeessmg 

In order to illustrate the basic puneiples involved in sublimation of ice 
from frozen arterial specimens, a schematic fieeze-drv system is shown m 


Fie 4 A The frozen arterv is in a vacuum environment where its ice content 
is sublimed if the necessary heat is available fiom the envnoninent The 
vacuum environment must be maintained for the specimen to remain frozen 
The vacuum is established and maintained bv a mechanical vaccuui pump 
Since most commercial vacuum pumps do not uoik efficiently when pumping 
water vapor a cold trap to desublime the water vapor, and thereby piotect 
the pump, is included m the system Since the rate of sublimation of ice fiom 
the specimen is mrersely proportional to the total pressure within the sys¬ 
tem, the higher the vacuum attained and the less leaks m the system the 
more rapid is sublimation A perfect system with no external leaks or mtei - 
nal leaks of noncondensable gases could be sealed oft from the mechanical 
pump once the vacuum had been established and sublimation would continue 
until the specimen was completely dry In practice however the attainment 
of perfect systems is not possible and therefore, the mechanical pump must 
be kept in operation during the entire drying evcle 


At the bottom of the specimen tube shown in the schema is a side-arm to 
which can be attached a Piram gauge This gauge measures the total pres¬ 
sure of gases close to the specimen ^Vhen the an m the system has been 
evacuated to the base hue pressure, we can consider that the magnitude of 
elevation above the base line pressure is solely the result of water vapor sub¬ 
limed from the specimen during processing 

The ice in the specimen reqiures energy for the production of vapors 
(subkmation) This energy is supplied in the form of heat Heat is con¬ 
ducted from the atmosphere at room tempeiatuie via the wall of the speci¬ 
men tube to the specimen One giam of ice requires 670 caloues foi sublima¬ 
tion Subkmation results m the production of an area of gi eater pressuie 
ot water vapor sunouudmg the specimen with the establishment of a giadient 
trom this gi eater pressure aiea to the aiea of lower pressure of water vapoi 
surrounding the cold trap Thus the watei vapor moves from the vicinity 
ot the specimen to the cold trap wheie it is desubhmed This movement of 

water continues until there is a negligible amount of ice in the specimen, at 
u nich time it is di\ 
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The tempentuie of the specimen dunng this processing is goveinecl hi 
the equihbinnn between the amount of heat supplied to and lemoied from 
the specimen In the paiticular systems undei considei ation, the amount of 
heat supplied to the specimen is lelativelv constant since the specimen tube is 
exposed to essentially constant loom tempeiatuie durmg processmg The 
amount of heat removed fiom the specimen is governed by the speed with 
which heat is lemoied from the specimen as heat of sublimation, this in turn 
depends dnectlv upon the speed with which watei lapor sunounding the 
specimen is eiacuated The speed with which the watei vapor is evacuated 
depends upon the diameters of the conduits, the pressure of gases (air) m the 
system, the efficiency of the pump, and the tempeiatuie of the coolant m the 
aapoi tiaps In geneial, the moie rapid the withdiawal of watei iapoi fiom 
aiound the specimen, the lowei the tempeiatuie of the specimen 

Measuiement of the peak pressure close to the specimen by means of a 
Piiani gauge is an acceptable index of the maximum tempeiatuie of the speci 
men duirug diving The tempeiatuie of the specimen can be estimated In 
conipaiison of the coriectcd Piram gauge reading until the standard iapoi 
pressure-temperature cunc foi ice (International Cntical Tables) As a gen¬ 
eral rule, if the vnconectcd Pnani gauge pressure at no time exceeds 300 
micions of meiciuy, the temperature of the specimen dunng processmg docs 
not exceed -30° C , so long as the specimen has a significant ice content 

That the heat fiom the ambient atmosphere influences the iapoi piessme 
and drying time of the specimen was demolishated with the biass tiap- 
mamfold system (Fig 4 ,B) A single pig abdominal aorta was freeze dried in 
t single standaid tube and the iapoi piessuie nieasuied m a side aim at the 
bottom of the tube ba means of a Pnani gauge The vapor piessuie drying 
cuiie is a solid black line in the giaph This expeiiment was lepeated, but 
anothei single pig abdominal aoita was placed inside of a standard tube which 
was smiounded ba a sdaer vacuum jacket niteuded to heat-insulate the 
specimen in the mannei of a theimos bottle It can be seen from the giaph 
that the initial peak m iapoi piessuie was lower than that obtained ba pioc- 
essing in a standaid tube and that it took nearh twice as long to dii the 
specimen 

An expeiiment using the system shoavn m Fig 4C aaas performed m 
oulei to demonstiate that the amount of tiap suiface helps to pieaent the 
oeeuilenee of high initial aapoi pressuies Taao tiaps, one at each end of tlie 
hi ass tiap-mamfold aaeie used Div ice alcohol mixture aaas used as the 
coolant about the aapor tiaps A rubbei hose connecting the light end of 
the mamtold to the tiap oil the light could be unclamped to include the 
benefit of the extia tiap as desned The lesults of this demonstiation aie 
sumnrnilzed in Fig 4 ,D With a single (left) tiap the peak aapor pressure 
dining the processing of 25 pig abdominal aortas (using 5 aortas in each of > 
specimen tubes) was 600 microns the pressure m the si stem returned to the 
base line m 10 horns When two traps aaeie used during the processing of an 
othci 25 pig abdominal aoitas, the initial peak piessure was onla 4)0 mu ions 



wK>m o\\>Kt rr \u iKKK i't -nn\ ov \mhu \u su.Mtvtb IT 

o( meiourv imphmst that tlio maximum tlmnt; tcmpoiatmo m.is lowei than 
wlion a single tiup w is used The vipoi pressure rotui nod to the base Ime in 
tins mu m the s\me tune as when the single trap was used lloweuu in the 
latter um t>4 Om ot w itei woie sublimed whereas m the hrst inn onlv al 
Uni ot w itei weie sublimed In a thud mil using da jug abdominal aoitis 
md i single tup the initial \apoi piessuie w is obsened to be a 10 mietons 
ot ineieun Alter U\e nunutes ot minting the seeond ti ip was allowed to 
tunetum m the enemt iponit A on l'ig 4 ?>4 with an immediate drop of \apot 
pressure to 400 microns ot movent\ The system was allowed to proceed lot 
another la minutes Cmeked tee at 0° (' was placed ahout the speemieu tuhes 
U'omt U on Fig 4 m and maintained toi a pound ot dO horn's It is ippiront 
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since both human and pig aiteues contain about 80 per cent of watei, most 
of which is removed duiing the fieeze diymg piocess To mciease the 
mechanical capacity of the cold vapoi tiaps foi om expei iments, we have 
found it comement to have the bottom of the cold vapoi tiap constructed, 
of a 500 ml Erlenmeyei flask, as lllustiated ni Fig 5 ,B (2) Tlie tiap itself 
should lead the vapors fiom the manifold system dnectly into the bottom of 
the trap nhere they can be desubluned Propei design is lllustiated in Fig 
5,5 Improper design is illustrated m Fig 5,A where the vapoi from the 
system is led into the trap external to the inner tube of the trap Under the 
latter conditions the vapois condense at the level of the coolant that is used 
to surround the cold vapor trap In such a design, especially when liquid 



Doublet 6 ., t — G FP, h comparing uncorrected Piranl gauge reading's using the Cryostatic 
lndlcjith *f cem * “ mid without the diffusion pump The number accompanjing each graph 
^ the grams of ice removed by complete processing of each load 


Nitrogen is used, as the level of the coolant drops slightly, the condensed 
sapors lesubhme and feed vapors back mto the system to interfere with the 
tiacuation of uater vapor from around the specimens The design m Fig 
’’ necess hates that the coolant he nearly empty m the container surrounding 
e Co,(1 tra P before any vapor feedback into the system can occur 


VAPOR PRESSURE STUDIES* 

mu p 0ntmU0US %apor pressures were measured at the specimen level by lecord- 
des 8 au ffes durrng the entire drying cycle m the three basic systems 

static Pi , ^ nitrogen and dry ice-aleohol traps v ere used in the Cryo- 
—— 0Ublet and E lass manifold systems, respectively In different runs, 

cation ncorre c‘ed Plrani gauge readings are used In the graphs throughout this communl- 





FIp 8 (for legend tcc opposite page ) 
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the number of jug abdominal aortas in a single tube was vaned from one to 
thirteen The results obtained in these inns aie summarized in Pig 6 Foi 
either system, the smallei the load, the shortei the dijing cjcle Comparison 
of the two families of curies shows that for am given load of -vessels the peak 
\apor pressure and drying time in the Crvostatic Doublet Diffusion pump sis 
tem was generally less than that in the glass manifold and trap sjstem The 
load which eoi responds to the maximum load that a single tube would be 
expected to cairy in the freeze-drying of human vessels would be the cune 
lefened to as 5 pig abdominal aortas (10 to 15 Gm of watei) The lesults 
of another expeiiment summanzed m Fig 7 demonstiate that it is piobabh 
the diffusion pump which makes the difference between the two s>stems In 
this experiment the same Cryostatic Doublet was used to piocess two diffeient 
loads One load consisted of a single pig abdominal aorta which contained 
about 2 Gm of water, and the othei load consisted of thiee pig abdominal 
aortas, which contained appioxnnately 10 Gm of watei Each load was pioc 
essed with and without the diffusion pump As can be seen from the giapli 
there was veiy little difference in the peak vapor pressuie with and without 
the diffusion pump However, after two hours in the 2 Gm watei load and 
after thiee hours m the 10 Gm watei load there was significant diveigence 
of the vapor piessure curves, resulting in a demonstiated significantly shortei 
drying cvele when the diffusion pump was used However, theie was ven 
little diffeience m the maximum temperatuie of the specimens during process 
ing as evidenced by the peak vapor pressures The vapor pressuie cuives 
obtained using the Crjostatic Doublet svstem without the diffusion pump aie 
quite similar to those of the same loads using the glass manifold and tiap 
svstem as illustrated in Fig 6 Therefoie, it is believed that the inclusion 
of a diffusion pump has the only advantage of shortening the diving cycle, 
hut leads to no sigmfieantlv safer temperatuie of the specimen dunng the 
piocessmg 

Yapoi piessuie studies compaung the efficiency of the glass manifold 
and tiap svstem with the hi ass trap manifold svstem aie summaiized in Fig 
8 Div ice-alcohol vras used as the coolant about the tiaps in all inns that 
aie plotted In other inns the use of liquid nitiogen instead of drj ice 
alcohol as the coolant did not influence the vapoi-pressuie curves The graphs 
compete the vapoi-piessuie cuives for varying loads on a single port in each 
svstem and also for vaiwing the load on multiple ports m each svstem In 
the single port studies, the tube was placed upon the port furthest fiom the 
cold tiap and the vapoi pressuie measured m a side arm at the bottom of the 
tube In the multiple port studies, all ports weie used and the vapoi piessuie 
measmed in a side arm at the bottom of the farthest from the cold tiap It 
is to be noted that foi am given load in the single or multiple port graphs 
the initial vapor piessure attained in the glass manifold and trap svstem was 
shghtlv lower than that m the brass tiap manifold svstem, implying that the 
tenipcintuie foi anv given load was shghtlv lower in the glass manifold and 
tiap svstem However, the diffciences in drying temperatuics weie not sig 
nificant Fiom eompaiison of the vapor-piessuie curves, it can be seen that 
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for anv given load of ice to be sublimed the lowei mpoi pressures aie < - 
tamed if the load is divided into multiple specimen tubes All three svstems 
that is the Crvostatie Doublet svstem the glass manifold and trap svstem, 
and the brass trap-manifold svstem aie adequate The manifold svstems, 
however require slightlv longer pi oeessmg 


WEIGHT STUDIES 


The ieduction in water content as the drvmg cvcle progressed was deter¬ 
mined in each of the four svstems illustrated in Fig 9 These svstems Mere 
I A series svstem of a mechanical pump a diffusion pump a cold vapor tiap 
sunounded bv liquid rutiogen coolant, one doublet and two brass manifold 
extensions, each bearing six poits Liquid nitrogen w as used m the specimen 
trap of the doublet U The svstem is identical to that m I with the exception 
of deletion of the diffusion pump HI The standard Crvostatie Doublet svstem 
as previouslv described consisting of a mechanical pump, a diffusion pump, a 
cold trap and three doublets m senes Liquid nitrogen was used m each of 
the specimen traps in the doublets and also as the coolant around the cold 
vapor trap IT The brass trap-manifold svstem, as prenouslv desenbed, 
with a brass extension bearing six extia ports The results using eithei 
liquid nitrogen or carbon dioxide-alcohol mixture around the trap were 
identical in the latter svstem 

For the vanous runs the number of tubes and the location of the speci¬ 
men tubes were as indicated (Fig 9) Standard pig abdominal aoitas were 
used m these runs In all but one run the load was constant one pig abdomi¬ 
nal aorta in each of four specimen tubes However, m one run using Svstem 
n one doublet port and ten of the in-senes manifold ports were used Each 
tube m this case contamed two arteries These vessels dried along the same 
curve of percentage weight loss as those m runs involving onlv four tubes 
with one arterv per tube 

Loss of water from the specimens with time was determined as follows 
In Svstem HI the specimen tubes were sealed off at 1, 2, 4 4^ 5, and subse¬ 
quent horns after initiation of the process In Svstems I II, and IY, the 
pump was stopped at intervals and the specimen tubes on each run were dis¬ 


connected from the si stem, the specimens were w eighed rapidlv upon a Fishei 
Gram atic balance to 0 1 mg accuiaev The total time between interrupting 
a particulai inn and the weighing of the last specimen did not exceed six 
minutes The specimens weie then lefiozen m a mixture of C0 2 and alcohol, 
placed back on the svstem, the si stem was re-evacuated, and the run was con- 
tmued The time of processing was corrected for the period of intei raption 
following the last interruption foi anv particular run, the tubes were placed 
inch on the si stem and the svstem was eiacuated until the lapor pressure 
regained the lei el prior to the final interruption, at this point each tube was 
-ealed off All tubes were then stoied 

The final moistuie content was determined on 99 freeze dried arterial 

« £ «“ **»««• of <** xw™., 

Nincts specimens weie pig abdominal aorta segments and nine 
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i\eie human ao.ta augments No neighing bottles tme nse.l The »PP»««' S 
eras ho«e<l in a large air-tight lueite boa measn.mg 30 hr -4 _18 mfon 
A Fisliei Giam atic balance, capable of neighing giams to the fift 
place, and desiccatoi jars mere contained nothin the boa ShouMei length 
lubbei gloves were attached m air-tight manner to two poits at the iiont 
of the box To secure a moisture-free atmosphere, laige Petn dishes contain¬ 
ing phosphorus pentoxide were placed in suitable locations within the box, 
and, during weighings, super-dry mtiogen was allowed to flow into the box 
at a rate of from 12 to 18 L per minute A small hole in the top was used 
to hand specimens into the box, and also to piovude a vent foi the super-div 
mtiogen In the conduction of the moistuie deteimination, the specimen 
which was sealed m a glass tube in its primary vacuum, was lemoved aftei 
hot-wire fracture of the specimen tube The specimen was quickly handed 
through the hole m the top of the box and was immediately weighed It was 
then placed in a desiccator jai At the bottom of the desiccator jai vv as a 
Petn dish filled with fresh phosphorus pentoxide A stainless steel screen 
protected the top of the Petn dish A stainless steel plate bearing mimbei ed 
holes was suspended 1 inch above the screen Bach specimen w as placed on 
end mto a numbered hole Thirteen to fifteen specimens vv ere loaded into a 
single desiccator jar The loaded desiccator jar was covered and evacuated 
to a piessure of 50 nncions of mercury At this pomt the desiccator jar was 
sealed Forty-eight hours later the jai was opened and the specimens weie 
le weighed to determine water loss They were leplaced in the desiccator 
jar in early determinations and re-weighed at 96 hours It was noted that 
theie was no fuithei loss in the second 48 hour period Thus, m subsequent 
determinations, only one weighing was done at 72 or 96 horns Foni speci¬ 
mens weie also sent to the National Institutes of Health foi moistuie detei- 
mmations* Their results weie m very close agreement with ours 

Using the final weight of the moistuie determination (aftei 72 to 96 hours 
of desiccation over fiesh phosphorus pentoxide m a vacuum of 50 mi cions of 
meranv) as the dry weight (zero water content) of the aitery, it was a 
simple mattei to compute the weight of water pei specimen at a given tame 
of interruption by subti acting the final weight of the specimen from the 
observed weight of the specimen at the given tune of interruption This 
weight of water divided hr the observ ed weight at the given tame of inteirup- 
tion multiplied bv 100 vv as taken as the w ater content of the specimen at this 
specific time The water content was thus computed for each specimen at 
each interruption Water contents weie plotted against tame for the various 
sv stems, I, H, H3, IV It was found that the initial water content of all ar- 
teucs aveiaged SO per cent (range from 75 to S3) Fig 10 shows that there 
was remarkablv little scatter m all observations and that the rate of water 
loss was approximately similar foi the four different systems The curves of 

m°T n " ere S0 ^ ” s ,0 be »'• a single line Group 

meowed the most rapid weight loss of the fom systems, reaching a moisture 

ot me Blo'loglS' Control'' LabonUon^National ^nirtitvites *0! HeJlth Pr ° be> Md H W Burrows 
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human acta segments No netghmg bottles uete need The nppa.atns 
nas housed in a huge an-tight Incite boy measmmg 30 by 24 by_18 inches 
A Fishei Giam-atic balance, capable of weighing giams to the 
place, and desiccatoi jais were contained Avithm the box Shoulder length 
rubber gloves weie attached in an-tight mannei to two poits at the tront 
of the box To secure a moistuie-free atmosphere, laige Petri dishes contain¬ 
ing phosphorus pentoxide were placed m suitable locations within the ox 
and, during weighings, super-dry nitrogen was allowed to flow nito the box 
at a late of from 12 to 18 L per minute A small hole m the top was used 
to hand specimens into the box, and also to piomde a vent for the snpei-tiv 
nitrogen In the conduction of the moistui e deteimination, the specimen 
which was sealed m a glass tube m its prunarv raeuum, was removed aftei 
hot-wire fracture of the specimen tube The specimen was qmcklv handed 
through the hole in the top of the box and was immediately weighed It w as 
then placed in a desiccator jar At the bottom of the desiccatoi jai was a 
Petri dish filled with fresh phosphorus pentoxide A stainless steel scieen 
protected the top of the Petri dish A stainless steel plate bearmg numbered 
holes was suspended 1 inch above the screen Each specimen was placed on 
end into a numbered hole Thirteen to fifteen specimens were loaded into a 
suigle desiccator jar The loaded desiccator jar was covered and evacuated 
to a pressure of 50 micions of meicurv At this point the desiccatoi jar was 
sealed Fortv-eight hours later the jar was opened and the specimens weie 
te weighed to determine water loss They were leplaced m the desiccator 
jar in earlv determinations and re-weighed at 96 hours It was noted that 
there was no further loss m the second 48 hour period Thus, m subsequent 
determinations, only one weighing was done at 72 oi 96 hours Four speci¬ 
mens were also sent to the National Institutes of Health for moisture deter¬ 
minations * Then results were m very close agreement with ours 

Using the final weight of the moisture determination (aftei 72 to 96 hours 
of desiccation over fiesh phosphorus pentoxide m a vacuum of 50 micions of 
mercun) as the dry weight (zero water content) of the artery, it was a 
simple mattei to compute the weight of watei pei specimen at a given tune 
of interruption by subtracting the final weight of the specimen from the 
obsened weight of the specimen at the given time of interruption This 
w eight of w ater divided bv the obseri ed w eight at the given time of interrup¬ 
tion multiplied by 100 w as taken as the w ater content of the specimen at this 
specific time The water content was thus computed for each specimen at 
each interruption AYatei contents were plotted against tune for the various 
s\ stems, I, II, m, IV It was found that the initial water content of all ar¬ 
teries areraged 80 per cent (range from 75 to 83) Fig 10 shows that there 
w as remarkably little scatter m all observations and that the rate of water 
loss was approximately simdar for the four different systems The curves of 
Uro U p S I and H weie so similar as to be represented bv a single line Group 
IHshowed the most rapid weight loss of the foui systems, reaching a moisture 

or «,; C iX!o U ^ ^ Burrows 
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content of 1 pei cent (lemoial of 99 75 pei cent of ongmal n atei content) 
after sin hours of piocessmg In tlie othei three groups the moistuie content 
after 6 hours of piocessmg was approximately 2 pei cent (lemoial of 99 5 
per cent ot ongmal water content) leachnig the 1 pei cent lei el at some 
tune between 9 to 12 houis of piocessmg These times of ieduction of the 
specimen to 1 pei cent final moistuie content aie unifoirah 1 to 2 horns longei 
than the time it takes the vapoi piessuie m these xaiious systems to letmn 
to the base line piessuie In laboiatoiv pinctice eitliei the 6 houi or 12 lioui 
tune of piocessmg is acceptable In om opimon, exclusion of the diffusion 
pump foi processing of leasonable loads on the systems descubed is justified 
because (1) its use does not significantly aftect the drying tempeiatuie, and 
(2) its use myolves significant added difficulties of pi oeediu e 



FREEZE-DRYING OF HUMAN UES SELS 

•Special studies were done diumg the piocessmg of seyeral human aortas 
l 8 11 summarizes the residts of one of these experiments On the plot the 
dter B” refers to processmg by the brass trap-manifold, and the letter “6,” by 
o j G " lass manifold The numbers accompanying each graft repi esent the amount 
h -ter mhich was remoyed fiom the specimen during the processmg The 
lowei P^fs are the yapoi-piessure curyes obtamed by the processmg of 
ree abdominal aortas, one in each of thiee specimen tubes Vapoi pres- 
mes w ere measuied through a side-aim at the bottom of the tube farthest 
111 1 e cold rapor tiap The yessels in both of these systems were processed 
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simultaneously, the glass and the biass svstems having been m paiallel to the 
mechanical pump The two top cunes m Pig 11 s unun ai ize the lapor pres 
sures durmg the processmg of human aoitas For each system the entne 
human aorta was divided into thiee tubes as follows The aoitic aich was 
placed into a special aich tube, 30 the lemaindei of the thoiacic aoita uas 
placed into a stiaight tube, and the abdominal aoita and iliac vessels to the 
inguinal ligaments neie placed as a single specimen into another stiaight 
tube The aorta processed on the brass manifold was obtained at a routine 
autopsy and was relatively free of disease The aorta piocessed in the 
glass manifold was steule and subsequently banked The tubes weie at¬ 
tached to the ports so that the aoitie bifurcation was in the tube farthest 
from the trap Uncorrected peak vapor pressures for the glass and brass 
systems were 320 and 450 mieions, respectively, estimated coirected values 
were approximately 225 and 300 microns, respectivelv This implies that 
the maximum drying temperature of the specimens on the glass manifold 
was approximately -33° C and that in the brass trap-manifold was approxi¬ 
mately -30° C The drymg cycle was of appi oximately the same duration in 
both systems 

ETHYLENE OXIDE STUDIES 

All data thus far piesented were obtained using untreated arteries The 
use of ethylene oxide for the sterilization of grafts as introduced by Huf- 
nagel 14 is becoming more widely accepted Its use mci eases the supply of 
human homogiaft material by permitting nonstenle procurement of speci¬ 
mens Quantitative observations of the influence of ethylene-oxide treated 
artenal segments upon the fieeze dry process were made 

A piehminary expeimient with human aortas was done using two brass 
manifolds with dry-ice tiaps m paiallel with the same mechanical pump The 
aorta attached to one of the brass manifolds u as treated with ethylene oxide 
as descnbed by Hufnagel*, the aoita on the second brass manifold was un¬ 
treated A McLeod gauge was used to register the pressure at the end of each 
biass manifold When piocessmg was begun, it was noticed that the vapor 
pressure in both svstems became greater than 3,000 microns of mercury and 
the specmiens partially than ed The reason that the pressure in the manifold 
bearing the untreated arteries rose to such a high level is that the ethylene 
oxide being iemo\ed fiom the treated specimens was not condensed at the 
tempeiatuie of the dry-ice trap, as the freezing point of ethylene oxide is 
-111° C Maass and Boomei 10 demonstrated that ethylene oxide forms a 
chemical hvdrate with a freezing point slightlj aboie 0° C Ethilene oxide 
hi drate is apparently unstable as a gas so that durmg the sublimation of the 
hvdrate, ethilene oxide is bberated, necessitating condensing coolants at tem- 
peratui es below -111° C Liquid nitrogen (boiling point of -196° C ) is ade¬ 
quate as the coolant for this purpose 

A series of foui experiments vere then done to quantitate the effect of 
ethi lene oxide treatment upon the i apor pressures during processing In all 

•Ethjlcne oxide klndlj supplied by Dr Charles Hufnagel Georgetown Unhersltj Medical 
Center 
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Fig If—Graph summarizing the uneorrected Plranl gauge readings obtained during the 
freeze-drying of a standard load of three pig abdominal aortas under varying conditions of 
Pretreatment. Accompam. ing the curves of control runs the numbers In parentheses Indicate 
the grams of Ice removed during processing The first parenthetical number accompanying the 
curve of each test run Indicates the total grams of water removed from the load (initial 
weight minus final weight) and the second parenthetical number indicates the weight sub¬ 
sequent to ethylene oxide treatment. The difference between these two parenthetical numbers 
represents the amount of weight loss as the result of ethylene oxide treatment alone 


ethilene oxide treatment was done The dry ice was kept about the specimen 
tube until the system was eiacuated to its base line of 7 microns at which 
point the coolant was remoted from around the specimen tube There was a 
rapid rise of the \apor pressure to 270 microns of meicurr The vapor pres¬ 
sure then followed the expected deeav cycle, reaching the base line of the 
si stem m approximately 7 hours In the second experiment, no ethylene 
oxide was used but the CO ; alcohol mixture was maintained about the speci¬ 
men tube for a period of 10 hours After 10 hours the carbon dioxide was 
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iemoyed from around the specimen tube The yapoi piessuie subsequently 
folloived a pattern qiute similax to that of the hist experiment In the thud 
experiment the specimens ueie pietieated with ethylene oxide As a result 
of the treatment with ethylene oxide, the specimen u as found to lose 2 7 G'm 
or approximately 50 pei cent of its ouginal y\ eight The dry ice was lemoved 
from around the specimen tube 3 minutes after the mechanical pump y\as 
started The vapoi piessure lose fiom 60 micions to 240 micions of meicuiy 
The yapor pressuie m this expeiiment was obseived to follow an aeceleiated 
late of declme, leaching the base line m approximately 5 houis In the fourth 
experiment, the specimen was treated with ethylene oxide, and the diy ice 
was allowed to cool the specimen tube for 16 houis of processing In contrast 
to the control, which was not tieated with ethylene oxide and which nas diy 
iced for 10 hours, during this expeiiment the vapor pressure remained ele 
vated aboie the base line This implied that even with caibon dioxide and 
alcohol around the specimen tube, significant \apor pressuie y\as exerted by 
the treated artery After 16 houis of piocessing, the coolant was remoied 
from around the specimen tube and theie was noted a rapid use in yapoi 
pressuie to the lei el of 135 micions of meicury This demonstiated that the 
specimen was not completely evacuated of volatile materials (yyatei, ethylene 
oxide and/or ethylene oxide hydrate) But the fact that the vapoi piessuie 
did not rise as high as in the noneooled ethylene-oxide-tieated specimen indi¬ 
cates that during the 16 hours of cooling paitial drying had oceuned It 
should be stressed that these yapoi piessuie readings aie uncoilected Pnam 
gauge leadings Corrected readings imply that the untieated specimens had 
a maximum drying tempeiatuie of appioximately -35° C and that the 
etliy lene oxide treated specimen without coolant had a maximum diying tem- 
peiatuie of at least -26° C 

The results of expeuments m uhich untieated human aoitic segments 
were fieezedned in paiallel with ethylene-oxide tieated human aoitic seg 
ments demonstiate that drying is accelerated m ethylene oxide-treated yessels 
Aftei 15 houis of processing the untieated segments had a 1 5 pei cent final 
moistuie content yyheiens the ethj lene oxide ti eated segments had a final 
moistuie content of 0 3 pei cent 

It is suggested that ai tones stenlized by this method should be rapidly 
frozen immediately aftei the ethylene oxide is decanted in oidei to pieient 
dicing by eynpoiation ccath consequent piotom denatuiation ot ’ 

BET V-PROPIOLACTOXF STUDIES 

There has been recent inteiest in the use of B propiolactone as a sterilizing 
agent for human aitenal segments to be used subsequently as giafts A 1 per 
cent solution is lecomincnded U-piopiolactonc is a lelatncly yolatile liquid 
haying a freezing point, of -33° C 21 A 1 pci cent solution, Jioy\e\er, has a ficoz¬ 
ing point close to 0° C A group of G experiments using a standard load of pig 
thoracic aoita y\cie peifoimed Theie ccerc no differences in the yapor pressuie 
curyes and duration of dicing cycle dining piocessing of the untreated and the 
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B-propiolactone-tieated vessels Drv-ice and l.qmd mtiogen haps were eqmUv 
efieetive The three st stems (doublets, glass mautiold, and brass manifol ) 
were once again shown to be practical equivalents 

DISCUSSION 

The critical temperatuie at which an arterv must be maintained during 
sublimation is not known Foi cvtological work, Scott 2 - has found that a tem¬ 
perature of -32 5° C is practical It has been shown that above the tempeia- 
ture of -20° C ice crvstals are indeed large and are destructive to the normal 
microscopic architecture of tissues, whereas ice crvstals formed below -30° C 
are much smaller and do not sigmficantlv distort architecture Microscopic 
sections of pig abdominal aorta processed m this studv at maximum tempera¬ 
tures of -30° C and fixed in the div state in formalin exhibit no significant 
architectural distortion Further it has been shown that blood vessels stoied 
for prolonged periods in the frozen state at —27° C are inferior when used as 
giafts to those winch have been stored at —70° C 4 Although no definite ob¬ 
servations have been made as regards the critical drvmg temperature during 
the freeze-drvmg of arterial segments, one can sav empmeallv that it is safe, 
if the temperature of the specimen does not rise above -30° C until the 
specimen is nearlv dry 

Ice crvstals in the specimen can be large if the aitenal segments aie 
slowlv fiozen Therefore, specimens should be quicklv frozen prior to proc¬ 
essing Immersmg the specimen within its tube m a mixture of drv ice and 
alcohol represents suffieientlv rapid cooling 14 20 25 Once the specimen m its 
tube is at the temperature of the dry ice-alcohol mixtuie (as evident bv no 
further bubbling around the tube), it is attached to a port of a freeze-drvmg 
apparatus, the vacuum pump is begun, and the processing starts 

Sewell and Koth 23 suggest that arterial segments with final moisture 
contents of 5 per cent mar prove more satisfactorv upon giafting than seg¬ 
ments dned to 1 per cent or less final moisture content However biological 
products (e g, diphtheria antitoxin) with moisture contents of 5 to 8 per cent 
completelv lose their potencv after a few weeks of storage 9 Flosdorf states 
‘In no case should a moistuie above one per cent be allowed if the product 
is to be stored for more than a few months, particularlv when not under re- 
fugeiation” Reduction of the moisture content of such sensitive phvsico- 
ehemical systems as plasma egg albumin, and complement to less than 0 5 
pei cent lesults m no changes m electrophoretic pattern or immunologic ac- 
tmtv after sears of stoiage at room temperature 10 Until definite proof to 
the contrary is presented, ue assume that drvmg to a final moisture of 1 per 
cent or less leads to a biological product of optimal stability and minimal 
deinturation 

It is our opinion that the Crvostatic Doublet-diffusion pump svstem ren- 
resents the ultimate m design for the freeze-divmg of arterial segments but 

hat the manifold s\stems tested m the present studs are easiei to opeiate 
less expense e, and practically as efficient 1 
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For piactieal purposes an “overnight mn” with average loads, using anj 
one of the three systems described m this communication, will reduce the 
nater content of arterial segments to 1 pei cent or less If measurement of 
the v apor pressure of the specimen side of the cold vapoi ti ap is not feasible 
or if an individual is otherwise m doubt, a 24-hour period of processing 
should suffice In loading specimens into tubes one must guard against jam¬ 
ming ai teries into the bottom of the tube If tliei e is not space betvv een the 
wall of the arterial segment and the wall of tube, at least along one side, theie 
is danger of melting of the bottom of the specimen during processing It is 
also advisable for vessels to be processed rounded rather than collapsed 

SUMMARY AND CONCLUSIONS 

1 The principles of the freeze drying have been review ed 

2 Three variations in design of free-drv apparatus (Ciyostatic Doublet- 
diffusion pump, glass manifold and trap, and hi ass trap manifold systems) have 
been compared by quantitation of vapor pressure-time cun es for various loads 
of adult pig abdominal aortas and human aortas These sj stems with loads not 
exceeding 20 Gm of ice pei port are practical equivalents 

3 Data supporting the following conclusions have been piesented 

a The drying temperature of average loads (eg, entire human aorta m 
three tubes) vanes from -30° to -35° C 

b The use of a dry ice alcohol mixture (-72° C ) as the coolant about the 
iapoi trap is as effective as liquid nitrogen (-196° C) when processing un 
treated vessels However, if ethylene oxide is used to sterilize the artenes, 
dry ice-alcohol is contraindicated as the trap coolant, liquid nitrogen is ade 
quate in these circumstances 

c The inclusion of a diffusion pump in the vacuum sjstem shortens the 
drying cycle but does not significantly affect the drying temperature of ar 
tenal segments dui mg processing It is om opinion that an adequate me 
chanical pump alone is sufficient for piactieal laboiatorj processing 

4 Processing continued for 2 to 4 houis after the vapor pressuie on the 
specimen side of the cold trap leturns to the base line lei el results m artenes 
until a final moisture content of 1 pei cent or less 

5 It is recommended that specimen tubes containing etb.v lene oxide 
treated vessels be kept surrounded by a drj ice alcohol mixtuie dunng the 
first houi or two of processing Treated -vessels undergo some dijmg at 
-72° C whereas untieated vessels exhibit no drying at -72° C 

G Tieatment of aitennl segments with 1 pei cent 5-propiolaetone prior 
to freeze drvxng does not affect the -vapor pressuie time curves dunng piocessing 

Wo are especially- indebted to K V Gochenour, IMP, and E W Phschke, BS, 
of the Biologic Besearch Department, Division of Immunologv, Armv Medical Service 
Graduate School, WRAMC, for lending us equipment, and for giving us valuable advice 
dunng experimentation and helpful cntici»m of our manuscript 
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KARTAGENER’S SYNDROME REPORT OF A CASE TREATED BY 
PULMONARY RESECTION 

T o 

Review of the Literature 

Jorge A Taiana, MD , FACS,* Alejandro H Villegas, M D ,«* and 
Eduardo Schieppati, MD,” Buenos Aires, Argentina 

HISTORICAL DATA 

I N 1933 Kartagener 35 described a syndrome characterized by bionclueetasis, 
situs inversus totabs, and lbinopbaryngosmusopatby Tins authoi accepts 
as the etiology of the morbid tuple association the fact that it is the expiession of 
congenital malformations of taned localization, some at the level of the rcspn- 
atory tiact (lung, rhmopharynx, sinuses) and others at the level of the whole 
visceral complex (situs inversus totalis) 

Actually the first mention of the condition was given by Siewert 03 who, m 
1904, reported the case of a 21-year-old man, m whom the three elements of the 
syndrome were piesent, this was followed by Oen’s 53 necropsy findings in 1909 
and later, m 1923, Guenther’s 31 report, wheie he repoits the case of a 19 jear old 
woman and points out the fact that the patient’s sister also presented symptoms 
of total visceral transposition Moreovei, this author emphasizes the mfiequeney 
of situs imersus as its incidence in 63,377 patients registered at Leipzig Institute 
of Medical Clinics reached only 0 007 pei cent 

Although these reports precede Kartagenei’s chronologically, to this author 
was left the merit of the interpietation and etiological correlation of the diffeient 
components of the syndrome, that had undoubtedly escaped the attention of 
those who believed they weie describing a meie morbid casual association 
Kaitagener explained his theory m successive reports, 3 - 36 37 gathering a total 
of 11 cases in 1935 

REVIEW AND DISCUSSION 

In a careful leview of the voild liteiatuie, we hate found 104 cases 
reported, 8 of which weie published by Aigentme authors 

The most important senes hate been icported by Olsen- 4 and by Toigen 
sen 03 04 who ha\e published 14 cases each, Kartagener and Horlachei 3 - 30 3 
have reported 11 cases, Adams and Chuichill, 14 5 cases, Lopez Areal, 43 4 cases, 
Conwav, 30 4 cases, Neumann,- 0 3 cases, Biugger, 33 3 cases, Nussel and Hclbach, 51 
2 cases, Jacob, Langle, and Langle, 33 2 cases, Allende and Langer, 3 2 cases, 
Chattas, di Rienzo, and Piantom, 4 2 cases, Russahoff and Katz,— 2 cases The 
reports of isolated cases liaie been made hi Siewert 03 , Oen- 3 , Gucnthei 31 , 
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Beiliman 19 , KautzkA 38 , Aguilai, Nijensohn, and Giiagbanone Casaubon 
Deiqui 3 , Klopstock 40 , Wemb-Haessig 08 , Lilienthal 41 , Flick- Chin chill , H 

JleveC* F Meiei 43 , Glaum 30 , Jedlicka and Petnkoia 34 , Beckei Rosenthal , 
Cole and Nalls 24 , Nagy 49 , Munaj 48 , Adland and Einstein 13 , Oettlr' , Richai 
Delp 2 ' Benda and Huet 20 , Weill, Labemant, and Leveque , A ^ dl ^ s ’ 
Lano-er 6 Blixenkione-Mober 21 , Alves Mena and FeiTeira 10 , Fraga Fillio, Nery, 
flnd°Maranliao 29 , Kav and Mejei 39 , Zuckeiman and AVurtzebach 8 , Dassen and 


Gotbeb 5 

Of tlie mentioned authors, the eases m which operation was perioimed weie 
leported In Lihenthal (left loner lobectomy), Fbck (right lower lobectomy), 
Ingraham (lobectoim on both sides), Churchill (middle lobe lobectonn and leit 
lower lobectoim), and Allende and Langer (lobectoim m three cases) 

Theie are aiguments both m favoi of a common congenital ongin of the 
three elements of the syndrome of Ivartagener and in favor of a mixed etiology 
congenital and acquired—of bionchiectasis and rlunosmusopathy 

Save 01 and Meyer 44 have found bronchiectasis m twins, Pastoie and Olsen 0 ’' 
haie discoveied bionchiectasis and absence of fiontal sinuses m identical twins, 
Ivai and Meiei 39 observed Kartagener s syndrome associated with an anomalous 
left subclavian arterv Weill, Labemant, and Leveque 63 described anothei case, 
in Avhicli the patient’s hi other presented a congenital malformation of the heart 
of the 4 Fabot tipe ’ Cockavne, 24 studAung the etiopathologA of visceial tians- 
position, could piove its presence in members of different families i elated in 
Aarious wa\s In the cases obserced by him, visceial malformation was not 
associated a\ ith bionchiectasis Kautzkj 38 mentioned thiee cases of situs inversus 
totalis in which no bronchial dilatation was piesent Other authors as Nussel 
and Helbach,” 1 Beluman, 19 Benda and Huet, 20 and Oettb, 33 who dealt specificaby 
with Kaitagenei’s smdiome, supported a mixed etiologj and divided it into 
congenital predisposition and acquned infection 


In 1937, Adams and Churchill 14 leported 5 cases and analvzed the experience 
at the Massachusetts Geneial Hospital, where, in a total of 232,112 patients 
registeied, 712 were bionchieetatic and 23 presented nsceral transposition, of 
the lattei, 5 had Kaitagenei’s smdiome The authors pointed out that 21 7 per 
cent of the patients with situs imersus totalis had bionchiectasis and l lnn n- 
smusopatln while onlv 0 3 pel cent of the total number of patients registered 
piesentcd these affections 


Olsen’' 4 anahzed the expenence at the Ma\o Cbruc, where, m 22 vears, 85 
cases ot total nsccial transposition have been obsened, 14 of winch bare 
piesuited bionchiectasis and lhinosmusopatlii The fiequenci of bionchiectasis 
m i elation to the total numbei of patients legistered was 0 5 pei cent, while m 
patients with situs inversus, thc\ appealed m 16 5 pei cent Such statistical 
data made them fa\or the existence of a congenital factoi 

Russikoft and Katz- 9 mentioned two cases and made a renew of the world 
bibbogiapin until 1946, finding onh 50 cases reported Without savnm anT- 
lung definite as to etiologv, thee pointed out the fiequenci with which patients 
with situs imersus present bionchiectasis, saying that it is adnsable toseaich 
for the condition m all eases of nseeial imersion 
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Lopez Areal 42 made a caieful study of tlio subject lepoiling fom cases 
Toigenseii r;i 14 found 14 eases of Karfagenei s syndrome m 129 visceral tians 
positions, 123 ot which were total and in S pei cent were accompanied bv nasal 
polvposis The coincidence of situs imersus and bi oncluectasis m several mem 
beis of a famih, is, aecoiding to him, an aigument in favoi of a common con 
genital ongin for both affections In 1951, Conway 26 reported 4 cases and ad¬ 
vocated congenital etiology In the same veai, Zuckeiman and 'Wuitzebnch 1 ' 
lepoited another ease 

CVSE REPORT 

6 M E , 21-veai-old male laborer Admitted No\ 6, 1953 
Familial and Personal Histoiy —Unimportant 

Present Disease —Began during eailv childhood with episodic catanh of 
the respiraton tiact, aftei w hi eh a peimanent mucopuiulent bionchorihea ap 
peaied Penodic lmpauments duruig wintei He obtained onh temporary re¬ 
lief upon symptomatic treatment Mucopuiulent nasal secretions He had had 
no hemoptysis At the time ot hospitalization he had 200 ec ot mucopuiulent 
e\pectoiation, mainly duinig the morning and in lett lateial decubitus 

Physical Examination — a, Respiratory tiaet moist idles ynth medium and 
laige bubbles in both lowei pulmonan fields, more marked and abundant in 
the light side y\heie there yvas also a svndiome of hypoventilation, ‘sounds” of 
sicietions m tiachea and laigei bionehi h Abdomen hepatic dullness to the 
lett, and tympany of the Tiaube space to the light Cecal gurgling in the 
lett iliac lossa and palpation of the lleosigmoid in the light iliac fossa c, Caidio 
yascular examination complete dextiocaidia with aortic aich to the light, 
mil deacendnig aoita to the lett EC'G see Fig 1 Rhmolaiv ngologic 
examination intense edema and diffuse congestion of all the phamigcnl and 
nasal mucosa, the lattei yvith purulent exudates, marked hvpertiophy ot the 
lymphatic elements yyitli mucosa of localized polypoid aspect, veiled paianasal 
sinuses yyith no signs of acute sinusitis m activity (Fig 6) exteinal bilateral 
otitis 

Laboratory Data —Slight hvpoehiomic anemia (red-cell count, 3 7 million 
pei cubic millimetei) Repeated acid fast bacilli im estigations in sputum nega 
five The remaining examinations yyeie normal 

X Hail Examination —Fluoroscopy of the thorax complete imersion of 
the elrdiovascular silhouette, heart apex pulmonaiv aich and aortic notch 
to the light remains ot Lipiodol in both pulmonan fields corresponding to pie 
nous bionchogiaphics Gastric bubble to the light, the left hemidiaphiagm vs as 
two fiiigerlneadths lughei than the light one noimal diapluagimtic movement, 
hepatic shadow to the left (Fig 1) (See Figs 2 to 9, inclusive ) 

Bronchoscopy —Mucopurulent secretions m the basal bronchi where the 
mucosa was red and swollen 

Functioned Exploration of the Liumjs — Ventilaton resenes 90 per cent 
the maximum breathing capacity and the vital capacity corresponded to a 70 
per cent and an S3 per cent respectively, of the theoretical figures Bionclio 
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spuometrv, the left lung (placed m the right liemithorax) showed a 32 pei cent 
hematosis and a 23 per cent ventilation Oximetn arterial blood (femoral 
arterv) satuiation was 95 8 per cent m lest and exertion. 

Diagnosis —Situs unersus totabs, bilateial bionchiectasis with right, pie- 
donunance, chronic hvpertiopine rlnnopharvngosinusitis, external otitis 

Preoperative Treatment —A livgiemc dietetic regimen was established, 
parenteral and aerosol antibiotics, vitamin tlierapv, hepato-fenotheiapv, postuial 
diamage, exercises, lespiraton re-education, and tieatment of the rlnnopharvn- 
gosinusitis In a specialist This treatment was earned out for 7 months, at 
the end of which time the chmcal situation of the patient was as follows he 
had gamed 17 kilogiams m weight, was in excellent general condition, had a 
normal red-cell count and blood-i olunie, and the expectoration had been reduced 
from 200 c c dailv to 50 c c , and the septic foci m uppei lespnatorv tiact weie 
controlled It was decided to undertake the lcseetion ot the moie affected pul- 
monarv segments (right side, left lung) 
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Fig 2 


Fig- 3 



Fig 2—Confirm? what had been observed In fluoroscopv complete inversion of tin 
onrdlova*=cular silhouette heart apex bulge of the pulmonnr> artery and aortic notch to the 
right remains of Uplodo) In both pulmonary fields gastric chamber to the right hepatic 
shadow to the left the left hemidlnphrngm l* 1 two flngerbreadths higher than tin right one 
Fig 3—(Right bronchogrnpliv ) Ij\rge cylindrical and saccular bronchiectasis of the 
lower lobt the lingula and the anterior signimt of tin upper lobe It should be notic'd that 
although It I*? the right lumlthorax the bronchial pattern corresponds to a left lung The 
gnstric chamber Is shown with an hydroaerlnl le\el 

Hr -1—(Right bronchography lateral \Iew ) Confirms what 1ms been observed In the 
frontal bronchogrnpliv showing the Involvement of the anterior segment of the upper lobe 
of both lingular bronchi and of tl e b i*al bronchi of the Inferior lobe. 

Up r >—(left bronchograph) ) ^mall cylindrical bronchiectasis of the basal bronchi 
It must be noted that although It is the left hcmlthorax. bronchial pattern is typfcally rigid 
nlso the. shadow corresponding to the liver can be observed 
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tlic fifth space, plema partialh adhered Anatonn conesponded exacth to 
that of a left henuthora\, two-lobed lung with complete fissuie heait apex 
pnlmonarr arten aortic aicli and thoiacic aorta placed in this hemithoiax Xo 
maioi az\gos idn Tvpieal lonei lobeetonn Mas first peitoimed then iolloued 
In hngulectoim and antenor segmentectonn oi the nppei lobe with dissection 


Fig 6 


Fig 7 
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and sepaiate ligation of the elements of the segmental c pedicles, blunt dissection 
of the mtersegmentarc lajer between the antenoi and apicopostenoi segments 
of the upper lobe, aided bt gentle traction of the corresponding segmental \ 
pedicle “Block’’ resection of the lingula and of the antenor segment of the 
uppei lobe Vascular ligations with silk and closure of the bronchi with intei- 
rnpted stitches of silk with an Atiaumatic needle, in the stump of the lowei 
lobular bronchus, a chromic catgut No 0 sutuie was added Vaseulobronehial 
anatomt corresponded exacth to that of the left lung Pulmonan le expansion 
with hvperpressure, double pleural diainage with apical and basal Nelaton 
catheters, antibiotics m the pleural eawitx, closure of the thoiaeotoim in the 
usual wai, diamages connected to a water-sealed svstem with peimanent suction 



Up 10—(Three-and one linlf months after the operation) rxcellent pulmonnr) re 
expansion anil thoracic readjustment- the fifth and sixth Interrupted ribs are observed rlsr 
of the rlpht liemldlnplirnpni and slipht pleural sequels 

Pottopciatnc L i ohitxon —Atelectasia ot the lcmaiiung paienclnma that 
was sohcd lu means of bionchosuctions aseptic sciolicmatic leakage in the opei 
ated hennthoiax that was diamed bv lcpeatcd punctures followed In mstilla 
tion of antibiotics Dischaiged on Oct S, 1054 clued Conditions at this 
moment two oi tlnee morning sputa ot mucus he maintains his gain in weight 
of 17 kilograms functional t \ploi ition of tin lungs wntilaton lcscites, S8 per 
cent maximum bieathing capacitx 4^ iki cent, and xitil capacitx, 77 pci cult 
of thcoictical figuies The x-r-n examination ot the tlioinx showed an excellmt 
thoracic lcidjustment with full pulmonan rc expansion (Fig 10) 
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COMMENTARY AND CONCLCSIONS 

IVc bar e presented the ease of a 21 -n car-old man Math Kartagener s syn¬ 
drome, whose predominant symptomatology was a mucopurulent bionchorrhea 
reaching 200 cc per dar, attributed to large bionchiectases of the left lung 
(right hemithorax) He was also in yen' pool general condition Aftei 7 
months of intense preoperative treatment, m which a definite relief was acluer ed, 
a light thoracotomr was performed, and w as foil on ed by a left lower lobec 
toms, lingulectomy, and antenoi segmenteetomr of the upper lobe 

It is interesting to point out that the pathologic anatomy of the suigieal 
specimen was not different fiom that obsersed in common bionchiectasis of the 
‘aequued type” (Fig 11) 



mo wm(“am/ Ulc Tfn“and L a& , le(t lobe fsectioned in 

larpe brotichlf^taslp Microscopic findings multiple hronchicctfl*i<? ^iti s hdv\ing 
increase of connects e tissue and slight emphtsema. ThV ™ W of t})e c <>rium 

common bronchiectasis of the acquired T\pe Tae mfcrosc °P* c findings correspond to 


Kaitaecnci s syndrome is discussed The mficqnent obsersatron ot tins 
' } S ls p u , I , hasi7cd and the difteient theor.es as to its pathogenes.s aie 
liahred A renew of the woild medical hteiatuie is giren 

A case is reported which lias been treated by lowci t P ft i , 
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COAGLRREXT PRIMARY LEIOMYOSARCOMA AXD 
GARCIA OMA OR THE BROXCHUS 

Dfnms Rosenberg, M B , Ch B , Edg \r Medlar, M D , ud 
Richmond Douglass, M D 
Ithaca, N Y 

INTRODUCTION 

P RIMARl pulmonan sarcomas aie raic tumors arising fiom hmphoid 
fibrous, neurogenic, oi museulai tissue components of the pulmonan aichi- 
tecture Reports of pnman bronchogenic leionnosarcoma are extremeh un¬ 
common In a renew of the hteiatiue m 1946 Randall and Blades 1 weie able 
to collect onh 6 cases, and added one of then own Iu 1951 Ficneieh and asso 
ciates 2 reported one case and, moie lecenth, Johnson and co authors 3 rccoidcd 
then e\penence with a piimaij pulmonan leionnosaicoma tieated success 
fully bj pneuinonectonn bunging the total numbei of lepoited cases to nine 
The eoneurienee ot two tumors in the bionchus each lepusentmg a 
separate primaiy neoplasm ansing fiom diffeient geim laieis, is e\en laiei 
Oiens and Russell 1 icpoited a case of eoneuuent leioim osaieoma and sriuamous 
cell carcinoma in the esophagus, but we liaic been miable to find am report m 
the English hteiatiue of such tumors occuinng togethei m the bronchus For 
this reason, the following case of a priman leionn osai coma and of a pnman 
undifferentiated eareinoma arising coneuiienth in the bionchus is reported 01 
further interest is its successful ticatment In pneuinonectonn 

REPORT OF CVNE 

A 62>caroId white man uns admitted on Jan 21, 1053, complaining of fatigue and 
frequent episodes of pneumonia during the preMous fall and winter S\mptoms began 
during the summer when his chronic cough became more troublesome and more productne 
of sputum At this time he aho began to experience, flight d\spnea lie was treated b\ 
I113 local ph\«icinn with repeated injections of penicillin Two weeks lief ore admission he 
was hospitalized elsewhere for pneumonia, but, because acid fast bacilli were found in the 
sputum, transfer to Biggs ^Memorial Hospital was arranged There had been a loss of 7 
pounds during the month before admission and night sweats and fe\ er had been noted 

Physical Examination —Examination of the chest revealed dullness in the right upper 
third with increased breath sounds and nmni rhonclu The left lung was clear on percussion 
and auscultation 

Laboratoru Studies — i Iuoro**cop\ showed infiltration in the right upper pulmonarv field, 
normal excursion of both diaphragms and no mediastinal shift Boe ntge nogrnpln (Fig 1) 
repealed n dense lesion nt the right hiluni exte ndmg into the pulmonan field with scattered 
pneumonic infiltrate, throughout the upper third of the right pulmonarv field 

The total white blond re 11 count was 12, <30 jh r e ubic millimeter with the differential 
teeing neutrophils CO per cent, Iwnphrx \ 10 jh r cent monotvte^ 0 p« r <cnt eosinophils ]4 

From the Thoracic Surgical Son Ice Hermann M Hlgps Memorial Hospital 
Recelvexl for publication Doc. 2 1154 

•14 
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por cent, and bnsoplnl* I per cent no nerd fa«t bacilli, neoplasm 

:Ttl funT Hote^rTvnnctr of recondarx occurs -re cultured fron, the -putum 


Fig 1 



Ftg e 


F/g I —Chest roentgenogram taken on admlssJon to the hosptta.1 

He S--Chest roentgenogram taken one week later The pufmohan shadows are related 
t° an «ten»he lobular pneumonia principal^ In the upper lobe .Acne of tile shadows are 
relaxed direct!) to the tumor of the bronchus 


Course in Hospital —On the -oxth hospital da\ the temperature rose to 103° F and the 
rr» utgi non ram (Ftp 2), «houcd an increase in the pneumonic process m the right upper 
pulmonan fit Id Pcnmllm and Gantnvin therapv during the next tuo dais resulted in con 
■mlcmble clinical improvement Broncho*copi on the tenth hospital dav disclosed a cone 
shaped man 1 cm Mow the carinn proje* nng into and partinllr obstructing the right mam 
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bronchus It appeared to originate near the orifice of the right upper lobe bronchus, wInch 
could not be clenrlx xixualized The trnchtn nnd left bronchial tree were considered 
normal A lnopxx specimen was obtained without ixiessixc bleeding On nnc roseopic 
examination it was co\ered with psi udostrntificd < pitlielium, with eonneitixe tissue and smooth 
muscle between the Inters of epithelium, mitotic figures wire absent and no jienetmtion of 
epithelium box ond the basement membrane was found No definite diagnosis of neoplasm 
could be made 

On the twentieth and twentx first hospital dnxs, two attacks of pnroxx smnl dxspnen 
occurred, xxith complete absence of breath sounds oxer the entire right lung During a xiolint 
episode of coughing the patient raised a piece of tissue which measured 1 bx 1 In 0 5 mi 
Microscopic examination of this disclosed no recognizable cells since the tissue was all 
necrotic 

Bronchoscopx on the twentx first Hospital dnx again sfiowid nn irregular mass in the 
right main stem bronchus A considerable amount of secretion was aspirated from below the 
mass, and a biopsj wms again done for microscopic examination The pathologic report on 
this third specimen was that again onlx necrotic tissue was present The process was sug 
gestixe of neoplasm, the natruro of which could not be determined 

Operation —On the txrentv seventh hospital dnx, at explorntorx thorncotomx, palpation 
revealed a rounded mass within the right main stem bronchus which could be displaced 
sufficient!} to permit safe clamping of this bronchus proximnlh Pneumonectomy was 
completed without untoward incident 

Postopcratnc Course —Apart from some difficult!’ m expectorating secretions nnd 
occasional episodes of slight dx-spnea, the patient had an unexentful postoperntix e con 
xalescence and was discharged March 27, B>53 Since then, frequent examinations in the 
outpatient department, the most recent on Tulx 10, 1954, rexeal that he feels well, is not 
dx spneic, has gained weight, and has resumed his usual work 

Macroscopic Examination —Shortlx bexond the resected bronchus a reddish grax mass 
protruded from the upper lobe bronchus into the main stem bronchus, the free projecting 
portion measuring 2 bj 2 bv 1 cm , and in this position indicating n potent ball xnlxc mocha 
msm Lymph nodes in the hilar region were of normal size and consistencx Sections 
through the upper lobe showed bronchi distended with x ellowish purulent material nnd 
numerous nrens of lobulnr pneumonia No abscesses were seen nnd a considerable portion 
of the upper lobe was not involved in the pneumonic process The polxpoid muss, which 
arose from the wall of the upper lobe bronchus (Fig 3) about 1 cm from its origin, was 
mushroom shaped, the stem being 1 5 bj - 0 8 cm. The remainder of the upper lobe bronchus 
appeared normal The middle and lower lobe lung tissue presented a normal appearance 


Fig 3 —This Is a longitudinal section of the tumor ranss Note the origin of the tumor 
from the bronchial wall In the lower portion of the Illustration the bronchial wall of the 
upper lobe bronchus on either side of the tumor up to about the middle of the picture ami 
the reddish necrotic tip of the tumor in the upper end It was from this portion of the 
tumor that microscopic sections showed onlx necrotic tissue making preoperatlxc diagnosis 
Impossible The upper third of the tumor lax In the main stem bronchus and was xlsualizcd 
on bronchoscopx (X- ) 

Flu q_This Illustration shows the long spindle shaped cells that characterized most 

of the tissue ns a lelomxosarcomn Mitotic figures were fnlrlj easllx found In these cells 
The numerous small blue dots are Ix-mphocx-tes The tumor throughout showed an Infiltration 
of leukoextes that In most arias xxere Ijmphocjtes Howexer In some areas particulars 
toxxaril the necrotic tip there was a considerable infiltration of neutrophils Neutrophils were 
particulnrlj nbundnnt In the demarcation zone between xlnble nnd necrotic tumor tissue 

(X100 ) 

Fir- 5 Xnother field of the tumor showing a mnrkeil anaplasia of the tumor tissue 

with the presence of numerous giant cells This anaplasia Is seen quite often in lilomjo 

sarcomas (X 100 ) 


F| c c_Illustration of a carcinoma in situ of the upper lobe bronchus Note the 

normal ciliated columnar epithelium In the upper third of the Illustration and the alteration 
In the character of the epithelium below this normnl area The change in the character 
of the epithelium occurs rather abruptlx Mitotic figures were easllx found In the altered 
epithelium In some places In areas not in the illustration there was u downgrowth of the 
enlthtllum Into tin «ubmucosa ami Into mucous clnmls This carcinoma In situ was In the 
upper lobe bronchus and it was direettx associated wltli tin lelorm osarcomn No ex Idenci 
of tumor metn*tn®J* was found In sr\eral hilar 1} niph node* \ot» the *lmi!nrlt> of the 
band* of normal smooth muscle, present In the upper right hand comer to thf spindle shap'd 
tumor cell® In Fig - i (X100 ) 
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Microscopic Examination —Sections through the upper lobe showed numerous nrous of 
lobular pneumonia, organ,zed, organ,zmg, and in a process of resoluhon A tumor am, g 
from the wall of the upper lobe bronchus showed onh local invasion of the w ail It 
composed of long spmdle shaped cells w,th smooth muscle cell characteristic (Fig ) 
In some port.ons the tumor tissue was anaplastic with numerous tumor giant cells (Fig 5) 
being pre-ent Mitotic figures were readih found in all portions of the tumor tissue and 
lvmphoovtic infiltration was present throughout The distal end of the tumor showed consider 
il,!, U e, rosis and neutrophilic infiltration There was no evidence of metastasis in the hilar 
hmph nodes Sections from the loner and middle lobes were normal apart from a fen 
small foci of lobular pneumonia 


Of particular interest was the character of the bronchial epithelium lung adjacent 
to but separate from the base of tlie leiome osarcoma Here it was possible to demonstrate 
(Fig C) a sudden change from a normal columnar ciliated epithelial lining to a multi 
lniered o\oid to cuboidal epithelium without am ciliated columnar cells In the area of 
altered epithelium, mitotic figures were readih found In some areas the epithelium had 
grown down into the submucosa and into mucus glands No evidence was found of tumor 
tissue in lvrnph channels or in adjacent hilar hmph nodes No evidence was found of 
the carcinomatous change m the bronchial epithelium in the tissue section illustrated m 
F,g 3 The carcinoma “in situ” was found because several large blocks of tissue through the 
lular portion of the lung were processed for microscopic studv No evidence of carcinoma 
tons change was found in «e\erat other sections of other bronchial branches of all lobes, 
both in the hilar region and out in the lung tissue 


COMMENT 


In the examination of numeious blocks ot the excised lung an eaih un- 
diffeientiated eaiemoma of the lnonchus was found to oecrn mdependent ot the 
saiconia Stnkmgle difteieut histologic patterns leace no doubt as to the fact 
that each leptesents a sepaiate pnmarv neoplasm The diagnosis of bionchial 
s.u coma has been successfullv made bv btonchoscopv on a few occasions, but 
it must be emphasized that neciosis and hemoiihage aie charncteiistic of this 
mtiabionchial gioup, and that a tine cellular pattern is difficult to obtain 


The neciosis of the distal poitions of the tumor can be explained br the fact 
that the neoplasm had outgiown its souice of nouiislvment, as occurs not m- 
fi equenth m leiome osai comas of the utems It is not suipnsmg, therefoie, 
that bionclioscopic lnopse of tumois of this natiue is of little diagnostic value' 

1 rom a pathologic new the cvtostvuctiual eanations found m tlus type of 
tuimu liaee alwaes led to confusion In sections taken fiom different poitions 
of the same giowtli mam caned histologic appeaiances mac be seen TVhoilmg 
of the cells mac he piomment in some regions and psendoiosette foimations 
sometimes are present in other aieas The nuclei mar can considerable m size 
and shape Mitotic figmes mac be numeious and tumor giant cells mav be 
i dominant feahue in some aieas Apparentlv the canegated nucioscopic 
appealanee of these tumois lefleets anaplastic tendencies of the tumoi growlli 
Local icmocal of the tumor and fulgmation of the base, as adcocated be 
olInk and co-woikeis among otlieis cannot be eonsideied the lational form 
ot theiapc The onlc logical tieatment is pulmonniv lesection ns in all 
imlnnmai c malignant tumors In the management of these patients Chui chill 
ind ixsch intes lnce e,npl,as,/ed the impoitanee of dealing the bionclius be 
'"' nl WuitmO, This males the 
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manageable at opeuition and mil help to olnmte uncontiol]jble hemonhage 
fiom the tuin01 dining lescction 1 In the absence of local and distant 
metastases, leseition offeis a bettu piognosis in these tmnois than in 
lironchial caieinoma Slow giowth and late metastases aie ehaiactenstics of 
leioimosaieoma, the tnmoi olten leaelung laige size set lemaming operable 
The piognosis in the case heiein leported must, howeiei, be moie gnaided be 
cause of the piesence of the eaih caieinoma 

The clinical and pathologic featmes illustiated In this ease emphasize 
too, the picture so often pioduced In an obstmcting lesion of a bionchiis 
nameh, lepeated episodes of pneumonitis, tempoianh subsiding folloumg 
administiation of antibiotics, but uith piogiessne and eientuallj meiersible 
changes in the lung tissue These changes mat be patchc but extensive, some¬ 
times piogiessing to foimation of a frank abscess and fiequenth obseunng 
the moi e mipoitant ctiologic factoi the obstmcting tumor 

summary 

A case of pnman leionnosaieoma of the bionchiis, vInch is belieied to he 
the tenth such icpoit m the English hteiatnie, is piesented This case is e\eu 
moie unusual because of the piesence of an independent concunent eaih 
pnman bionchogenic caieinoma This is beheied to be the hist such com 
lunation occuriing in the lung to be lepoited in the English hteiatme Cm 
lentlv the patient is astmiitomatie and back to lull-time voile some twenti 
months following dischaige 
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PNEUMONECTOMY AND PULMONARY VALVULOTOMY IN THE 
TREATMENT OP ACTIVE TUBERCULOSIS AND PULMONARA 

STENOSIS 


Report op a Case 

L AAIAR SoUTTER, M D ,* J GORDON SCANNELL, M D , (>0 AND 
Gordon S Myers M D *** 

Boston, Mass 

O NE of the most stimulating adtances in modem medicine dmmg the last 
decade has been the de\ clopment of cardiac sin gem, paiticulaxlv m opei- 
ations on the heart takes Although the appioaeh at first was mdiiect, as ex¬ 
perience and know ledge of eaidiac anomalies and plixsiologv advanced, the attack 
became mcreasingli dnect No piobleni lllustiates tins hettei than that of pul- 
nionart stenosis When Blalock and Taussig 1 first eieated an artificial shunt to 
meiease the pulmouaiv blood flow m tetialogx of Fallot, the first step was taken 
Within foul a ears, both Block 2 and Sellors 3 had successfullv earned out pulmo- 
nan Aalmlotoim hi insertion ot a a a Undo tome tlnougli the light ventricle The 
simplicitA, low- mortalitv, and success of this piocedure led to its widespread 
acceptance m the treatment of puie pulmonan. valvular stenosis Recently, 
Dodnl, 4 using an artificial bi-pass of the light side of the heart, and Swan and 
associates, 0 emplonng liApotheinua, bate successfullv opened the pulmonan 
arten and opeiated on the take undei dnect nsion 

The extiaoidmun aclueieinents of Blalock and Block eieated a demand foi 
accuiate diagnosis of caidiac anomalies Both cardiac cathetenzation and 
angiocaidiogiaphic examination, as well as othei studies, lia\e become impor¬ 
tant diagnostic tools in establishmg pieopeiatnek the exact nature of cardio- 
Aascular defects Unfortunatek, pulmonarA stenosis is Aanable in type and 
often complicated b\ other anomalies that militate against complete cure by 
\ ah ulotomA 


Some of the xanations in tA-pe introduce senous technical pioblems, some 
of the associated anomalies maA vitiate senouslv the results achieved bx val- 
Milotonn Fonns of obstmctiou to blood flow from the right Aentncle to the 
pulmonan xessels include stenosis of the valve cusps, thickening of the myo¬ 
cardium nan owing the outflow tiact of the light Aentncle, 0 membranous 
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obstiuction in the lentriele proximal to the calve, and aticsin of the pulmonary 
aiten The teini infundihulai stenosis has been applied both to the musculai 
and membranous forms of obstruction Although these variations usualh exist 
separately, they may be found m combination All have been treated suigicalh 
In incision and dilatation, and occasionally by excision when suitable Stenosis 
of the vahe itself is the most amenable to surgery, pulmonan atiesia the least 
although Glocei and associates 0 have leported initial success using dilatation in 
3 cases 

The eommonlc associated anomalies aic inteiatnal or niton entiiculai 
septal defects, with or without dexttoposition of the aorta In general, Hie 
presence of these associated anomalies seldom constitutes a contraindication to 
operations for improung the pulmonan artenal flow In mam instances, al 
though the circulation is not restoied to noimal In such proceduies, the im 
piocement m the patient’s general condition is dramatic 

The pathological anatomy of the stenosed cahe is of gieat impoitance 
because it has stiongh influenced the suigical appioach to coirect it As a mle, 
the cusps are fused into a thin membrane, wInch, In foicc of nneased mtia 
centriculai piessuie balloons out into the aiten' Tlie attack with a cnhulo 
tome is relatnelj simple thiough a ventnculai incision because it can icadih be 
passed into the taut, cup-shaped cahe At the same time, lnfundibulai steno 
sis, if present, is moie amenable to hsis, stietclnng 01 excision In tins approach 
In some cases of long standing stenosis, the cahe may become thickened, \egeta 
tions mac glow on it, 01 it mac become calcified 

In puie caluilai stenosis, excision undci dnect msioii thiough the open 
alien offcis a bettei oppoituniti foi the establishment of a huge opening, ns 
Swan and cowoikeis liace so icadih demonstrated Right centnculai pies 
sures mm be restored to completeh normal lecels In this process The element 
of regurgitation intioduced be the pioduction of a laige opening in the cahe 
has not as cct been assessed foi its haimful effects Whethci a laige opening is 
actualh nccessan is anothei cpiestion Litwak and associates have stated that 
embariassnicnt of caidiac function does not oecui until the occlusion of the out¬ 
let is gieatci than 75 pel cent Although we do not know let just how large 
an opening is nccessan, cases showing pcisistencc of light icntiiculai prcs-suics 
considerable abocc noimal postopciatneh mm, nc\eitliehss, show gmtifemg 
clinical impioienicnt f 0 The point made In Detailing 10 that the piessuie 
should be asceitamed In dnect catheterization lmmcdintch aftci i.ihulotoim 
seems a reasonable one, ns it offers a faille lclinble check on what has been 
accomplished at a time when the iah ulotoine mni be ensile lemscrted 

The fate of the untreated case of pulmoii-m stenasis is of grant mteicst to 
the clinician in the pi inning ot suigeie (iieenc and issmiites" in icpoitmg 
their own eases and renew mg the bteiatuic found the average length of life 
in G2 patients to bo twelite six \ctra Causes ot eh ith wen molded toi V) 
patients 27 died of heart fnilura, 10 ot tuberculosis, 7 ot ugetatne endo- 
cniditis uid 15 of carious other diseises The life span is motc abbieuatcd in 
tctralog' of Fallot and in other cases m which puliiioii ii \ stenosis accompanied 



«OLTTEK ET tL 


VVLVCLOTOMY FOR PETAION AKY STENOSIS 


51 


cental delects Iu most senes the mortahtv has been preponderantly dne to 
heart failure anoxia or hactenal endocarditis- « The incidence of tuberculo¬ 
us Ls ranahle Hawes" cited Xorns as saving that one-third of 449 patients 
with puhnonarv stenosis who were examined at autopsv also had tubeieulosis 
In most of the recent series howeter it is far less common than this partial ar i 
m those reported hi surgeons Sellers’* case is a notable exception, mite" 
m discussing the combination of tuberculosis and valvular heart disease re¬ 
marked that the pulmonarv circulation is engorged m mitral stenosis m which 
tuberculosis is quite rare but mai be deficient m pulmonarv stenosis m which 
tuberculosis is qiute common 

The relation of diabetes and tubeieulosis has been reported bv a number 
or investigators Beaud 16 found an incidence of 0 9S per cent in 3 S50 tnbei- 
culous patients Ferrara 1 ' found that 21 per cent of 3,178 tuberculous patients 
had diabetes Both authors indicated that the pulmonarv disease was likelv to 
be more achaneed among diabetic than nondiabetie patients and therefoie the 
prognosis was more grave The diabetic patients however, did as well as other 
patients with similar degrees of infection once therapv had been instituted 

We present the following ease in whieh the coexistence of advanced pul- 
monarv tuberculosis and pulmonarv stenosis posed a difficult problem in iudg- 
ment and dictated an unusual surgical approach 


CASE REPORT 


L. O (W G.H. S2°Oi c '), a 30 Tear old man was admitted to the hospital When he was 
a iear- of age a =vstolic murmur had been noted hut it had not interfered with normal 
development and he had been able to participate in all sports throughout the school rears 
When he was 23 rear- of age he started to lose weight and did not feel well Examuia 
tion disclosed the pre-ence of diabetes which required 40 units of protamine zinc insulin 
dailv Despite a diet and insulin he continued to lo 5 e weight and developed a productive 
cough A roentgenogram of the chest (Fig li di-elo-ed multiple densities in the left lung 
ami a cavitv in the left upper lobe The right lung was clear The spntum contained 
tubercle bacilli and the patient was sent to a sanitarium On bed rest and streptomvcin 
the right lung remained clear but a sizable eant\ persisted in the left hemithorax and 
the sputum remained positive The patient became mcreasinglv d\spneic and ev anotic 
an 1 there was clubbing of the fingers At this time a diagnosis of pulmonarv stenosi' 
was made Resection of the left lung was considered but rejected a« being too hazardous 
Thirifore a cavemo'tomv (Monaldi procedure! wa- earned out through the second inter 
span antenorh \ vear later although there was persistent drainage from the cavitv 
requiring a tube the patient returned to his home The cavitv was reduced in sue but the 
sputum and drainage remained positive The patient gained some weight but was confined 
to a bed an 1 chair exi-iem e After two 'ear- he wa- no better and the question of surgerv 
ocftin rai-ed 


R hen admitted to our ho-pital the patient wo- thm cv anotic and dv-pneic on the 
slij.u t exertion The temperature pul-e and re-piratious a ere normal at rest A harsh 
svsiohe murmur wa- heard in the pulmonic area The left -ide of the che-t was dull to 
p n U'-ion and purulent fluid uas Mill draining through a -mail anterior catheter The 
m l vvns po-mve for tuberculo-,- on smear The -putum wa- s ma U in amount and positive 
m cult,in The white cell count wa- 117-10 the hemoglohm 10 ", Gra per 100 c c and 
the h* matoent .1 per cent Other laboratorv s, u ,p^ nore ne „ at ' C 

wilt controllel on 4o units of insulin *“* * The diabete- was 
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FItr 1—Roentfrenoprnms of the chest ulicn pulmonary tubei culo^ls ^ns first diagnosed 
There is a diffuse infiltration of the lift lung and a ca\it\ in the upper lobe The cardiac 
contour is not remarkable 



_—^.Just nxntccnocmni on admission to the Massachusetts < uu nil Hospital si\ 
\iars aft r th* on^rt of tin disease V tube can be seen draining an enip\cma ca\lt' 
unit rlorh 
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Roentgenogram- of the che-t (Fig S') showed a nonual right lung and complete 
opnciltcation of the left -arte of the clie=t with the exception of a small cantv in the upper 
anterior portion The heart shadow was complete!' obscured bv the oracitv Renen of 
the x ra\ films led us to believe that the cavitv that had been drained was an empveinn 
canti with a bronchopleural fistula rather than an mtrapulmouarv cantv because of the 
thickened pleura around it and the absence of 01 erlnng lung markings TThen fluid was 
introduced into the cant' it was coughed up promptlv Further evidence in favor of our 
opinion was the knowledge that, after cavernostomv, the drainage tract usuallv becomes 
free of tubercle bacilh but after drainage of a tuberculous empvema it usuallv does not 

An electrocardiogram was characteristic of right ventricular hvpertrophv Cardiac 
catheterization was earned out and the results are summanzed in Table I and Fig 3 The 
catheter passed Tendilv through an atnal septal defect into the left atnnm The catheter 
also passed easili into the nght ventncle but conld not be advanced into the pulmonarv 
arten 

T able L A Comparison of tile Capdiac Catheterization Data of Patientt L 0 Collected 
Pte and Postoperattvely Mith the Values Obtained in Normal Subjects 
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VnRioumliograpInc cxnmnintion n^inp Dimlrast vas performed to clnrifx the din£»o«ts 
fins confirmed tlie presence of an atnnl septal defect Mo c\ idenct of infundibular 
stenosis «ns seen Anhnlnr stenosis mas not demonstrated lint could not lie excluded A 
larpo mam piilmonan nrtorx uns \ l-miili/cil Because of tlie lnrgo atrial septal defect, 
determinations of circulation time uere considered of little xnluc to ascertain tlie presence 
of stenosis 



L J 


Fi# 4 — Cheat roentgenogram taken four month* after pulmonan %ahulotom> pneumo 
nectomj and pIeurertom> V rcaldunl Intratlioraclc ca\lty is still present 

After some debate, it was decided to explore the heart through the left side of tlie 
chest, and if the presuiuptnc diagnosis of pulmonan stenosis was confirmed, to perform 
a \nI\ulotorn\ through the nrten and then an extrapleural pneuuionectomi as described 
l»\ Sarot *8 On No\ 0 f 1953, a left posterolateral thoracotonn incision was made and the 
fiftii rib excised The extrapleural plane was entered and tlie left pleural sac and left 
lung were mobilized with sonic difficult! Dissection of the lung and pleural sac front the 
mediastinum disclosed nn enlarged soft pulinonan nrten There wns a well transmitted 
s\ stolic thrill consistent with the diagnosis of pulinonan stenosis Accordingly the 
pericardium was opened and a segment of the left pulnionnrt nrtcrx isolated between two 
traction ligatures A uterine probe was then inserted through a small incision in the 
artery nml the presence of pulnionar\ stenosis was confirmed Tlie \nl\e orifice was 
ensih identified It was incised using a Brock \ ah ulotome passed in a retrograde fashion 
through the nrtcriotonn, followed In dilatation using a common duct stone grasping for 
teps The left pulinonan nrten wns then ligated and dmded and tlie left pleuropneu 
monte tonn completed The patient's eardioi asculnr state remained good throughout, but 
toward the conclusion of tin operation pm point oozing was nppnrent within the entire 
(host cn\it\ niul im ision Tht chest was closed rapidh after insertion of a eatheter for 
drainage 

The earh postoperntne toursi was stornn ( oiistunt oozing from the incision and 
tlie dust tube persisted despite six transfusions and did not subside until fresh blood was 
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gi\en A transitory deficienej in platelets was considered to be the most bkelj cause of 
tho bleeding Meanwhile the diabetes was controlled with some difhcultv The pathologic 
stmU of the excised lung and pleura demonstrated extensile caseous tuberculosis and 
tubcrc ulous enipv ema 

Tho patient left the hospital two weeks after operation At this time the incision 
was well healed The site of the previous drainage had been closed. The cyanosis and 
dyspnea were greatly improved 

The patient returned for evaluation four months after the operation At this time 
he w as not ev anotic and the dyspnea was eonsiderabh improv ed The sputum was negativ e 
for acid fast organism 5 Cardiac catheterization was performed The results are included 
in Table I and Fig 3 Of special interest was tbe marked fall in tbe systolic pressure 
in the right ventricle from 2(0 to 83 mm of meTcurv despite a nse in Tight ventricular 
output The pressure gradient persisting between the right ventricle and the pulmonary 
artery revealed some degree of pulmonary stenosis 

Arterial oxygen saturation before operation of 78 per cent had risen to a normal 
mlue of 95 per cent, evidence that a significant right to left shunt through the atrial 
septal defect was no longer functioning A chest roentgenogram demonstrated the presence 
oi an interthoracic air and fluid filled cavitv which continued to dram purulent material 
positive for tubercle bacilli (Fig 4) 

The patient was last heard from eighteen months after operation The clinical improve 
inent was well maintained He had gained weight, and the sputum remained negative A 
residual aTca of infection in the left thoracic cavity had been treated surgically bv Dr Colin 
A Ros« of Fdmonton, Alberta 


SUMMARY 

A case of pulmonary stenosis, interatrial septal defect, pulmonary tuber- 
nilosis, and diabetes has been presented, to illustrate the feasibility of a 
combined tiansaitenal v ah ulotomv and extirpative pulmonary surgery A 
satisfactory clinical result was obtained 
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arterialization of the coronary sines for the 

REVASCULARIZATION OF THE HEART IN CORONARY 
ARTERY DISEASE MORTALITY STUDY FOLLOWING 
CIRCUMFLEX CORONARY ARTERY LIGATION 

Al\ in A B akst, MD , Brooklyn', N Y , Jaime Costas-Dukeeux, M D , Poxce, 
Puerto Rico, axd Charles P Bailet, 51 D , Philadelphia, Pa. 

TX RECENT veais, stimulated br the uoik of Robeits 1 and Beck- 3 in the 
I rei asculanzatiou of the heart foi oeclnsne coionary artery disease, aac 
ha\e been peifonnmg aoitieoeoionan sums anastomoses Reports fiom this 
cbmc haie indicated that it is anatomiealh feasible foi aoitic blood delneied 
to the coionaiT sums to leach the myoeaidial capillaii' bed in letiogiade 
fashion 3 

Dnnng the course of oui oiigmal experiments on the phisiology of the 
sinus artenalized heart of foui to eight neeks’ duration, Ave noted a definite 
piotection aftorded to it against lentneulai fibnllation folloiving acute oc¬ 
clusion of the left cncumfieN coionan aiterv Houevei, oui subsequent ex¬ 
periments on sinus artenalized hearts of six months’ dmation levealed a 
significant loss of this piotection 

Hahn and Beck* ha a e pieviouslA' noted this piotection Avhich consisted of 
a reduction m both the mortality and size of infarct folloAnng major coronary 
arteri ligation Eckstein and associates 0 10 have also noted a definite pio¬ 
tection affoidcd to the acuteh artenalized heait folloAAmg cncumflex arteri" 
ligation 

The technique foi artenalization ot the coionary sinus Aihich ne used 
aa as oiigmalh' conceiAed In Piatt 13 and Robeits 1 and aa ns deAeloped and 
described In Beck and his associates 2 3 It consists of a tiio-stage opeiation 
At the first stage thiough a left sided thoiacie incision, a fiee segment of ex¬ 
ternal pigulai Aein is used to anastomose the aoita to the coronary sinus 
Tluee to six aa ceks latei, thiough a light-sided appioach, the coionary sinus 
is paitialh ligated oier a piobe to 2 to 3 mm Subsequently, the animals aie 
list d for the phi siologic expenments 

In an eftoit to stuck, the pathologic eftects on the myoeaidial Aenous 
lad of delating the piessuie lAuthm the coionan sinus In aitenabzation, 
ill animals aacic s lenficed aftei the pin siologic data aacic obtained 

For the puiposes of this compantne moitalitA lepoit, those animals ln- 
mg foi 4 hours folloAnng the ligation of the cncumflex coionaiy artery Aveie 
(lissified is sm a nils 
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RESULTS 

1 Group A (Normal Dogs) —The lesults in tins group maj be seen in 
Table I In the first 9 dogs, following ciicuniflex eoronan arten ligation, 
\ entncular fibnllation ensued within 3 to 30 minutes, with an average time of 
13 7 mmutes One dog died aftei 36 houis The letiogiade blood flow fiom 
the distal segment of the ligated and transected cncumflex coionary aiterv 
ranged from 0 4 to 5 0 c e pel minute, w ith an ai eiagc of 1 7 c e per minute 
The mean coronary sinus pressure langed from 2 to 12 cm of watei with an 
aiciage of 6 1 cm of water The eoronan sinus piessuie of Dog 10 was 4 
cm of water, which was within the range of the aaerage normal, and could 
not be related to the 36-hour sui rival time 


T vble I Mortality in Normal Dogs Following Ligation of the Circumflex 
Branch of the Left Coro\aii\ Arteri 


DOG 

TIME BETWEEN 

LIGVTION VND 
DEATH 

C1LSEOFDEATH I 

CORONARY SINUS 
PRESSURE 
(CM ir 3 o) I 

retrograde circum 
FLEX \RTER\ BrOOD 
FLOW (c C /MI'S ) 

t 

30 nun 

Vent Fib 

12 

2 2 

2 

18 min 

Vent Fib 

2 

44 

3 

20 min 

Vent Fib 

5 

04 

4 

3 nun 

Vent Fib 

86 

04 

5 

4 min 

Vent Fib 

8 4 

05 

6 

13 mm 

Vent Fib 

4 6 

0 6 

7 

1G mm 

Vent Fib 

40 

11 

S 

5 mm 

Vent Fib 

7 

1 0 


12 mm 

Vent Fib 

5 

3 0 


36 hr 

3 

4 

1 4 

average 

13 7 nun 


6 1 

1 7 


Vent Fib = A entricular fibrillation 


Inasmuch as we hate aibitianlj chosen 4 liouis ns the statistical basis 
foi our mortality study and one noimal dog hied past this time internal, 
the moitality late m oui normal senes of animals was 90 pei cent Howeiei 
since at post-mortem examination, the tenth animal obviously had died a 
cardiac death, without complicating factois, oui actual mortality m ciicum 
flex aitenal ligation was 100 pei cent 

2 Group B (Dogs With Previous Miscellaneous Caidiac Operations) — 
The lesults in this gioup aie tabulated in Table II 

A In those dogs in which the circumflex binnch of the left coionan 
arten was ligated, thiee died of icntncnlai fibnllation wathm 14 to 20 min¬ 
utes, one died of cardiac arrest in 17 minutes one smmed for 48 horn’s, and 
one survned for 40 davs Retiogiade circumflex mtcnal blood flow langed 
fi om 0 5 to 6 0 c c pei minute w ith an a\ ei age of 1 9 c c pei minute Coronan 
sinus piessuie ranged fiom 4 0 to 12 cm of watei, and a\eiagcd 6 7 cm of 
w atei The moi talitv rate in this series of animals w as 66 per cent 

J3 In the gioup of dogs m which the left ontenoi descending aiten was 
ligated it its oiigin thiee died of ientncular fibnllation in 1 to 23 minutes 
Two animals lned until tliei were sncnficed at 40 dais The letiogradc 
blood flow from the distal cut end of the arten langed fiom 1 5 to II 0 cc 
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pel minute, with an aveiage of 5 1 e e pei minute The coi onarv smus 
piessuic tanged fiom 4 to 10 cm of water, with an aveiage of 6 6 cm of 
uatei Thus, m this gioup of animals, the mortality late was 60 pel cent 

In hotli gioups of animals, time uas no demonstiable conelation he- 
tv,een coionan sinus piessme and suivital following coionaiy arteiv liga¬ 
tion Of the animals m w Inch the left antenoi descending artery w as ligated, 
tno survived In both, an aeeessori left antenor descending aiteiv arose 
fiom the circumflex arterv (Fig 1) and comsed downuard ovei the left 
ventricle parallel to the left antenoi descending arteiy In both animals the 
retiogiade blood flow from the distal cut end of the antenoi descending 
arterv t\as significant!! gieatei than the noimal aveiage 
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! (Troup C (Dog, With Coronary Sinus Artcnahzed for 4 to 8 Weds) — 
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" ' pound of tunc .u„l sr dogo so lend f,om C to 96 horns nit!, 
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should he noted that the two animals sunning the pioceduie had no plcuial 
adhesions and therefoie no ]nilmonaiv an leaks I'm of the six annuals, 
dnng nftei G horns, died of a tension pncuinothoiax the sixth died of 
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hemouhage from the tiansected coionair arterr Two animals died inthm 
G hours In both, the heart heat well for 1 to 2 hours ioUounug cneuurflev 
coronair artery ligation In both the rem graft was occluded for the col¬ 
lection of data after which both expired of ventricular fibrillation It nas 
mipiessne to note the rapid onset of ventncular fibrillation folloinng oeclxn 
sron of the graft m hearts which had been beatmg foicefullv for long periods 

of tune pnoi to the occlusion of the giaft 

Retrograde blood flow ranged from 9 0 to 18 0 c c per minute wrth an 
ncia<re of 12 2 cc pei minute Mean coionair sums piessuie ranged fiom 
36 to SO cm of w atei with an average of 61 cm of w ater It is interesting to 
note that theie was appaientlv no lelationship between the mortaliti me 
and eithei the mean coionarr sinus piessuie oi the letiograde cncumttex 

attenal blood flow , 7 . 

4 Group D (Dogs With Coroiuiri; Sums Aricnahzcd for Six .Uout/isj 

The lesults of this gioup aic tabulated m Table IV In this gioup following 
cncumflex cm onaw aiteiv ligation onlv tuo dogs sin lived foi 4 houis bcfoie 
sacrifice Toni dogs died of rentneulai fibnllation within 1 horn of artenal 
ligation with an aieiage time of 94 minutes This pioncles a moitaliti late 
of GG per cent Retrograde cn cum flex artenal blood flow ranged from 3 to 
18 e c wrth an aierage of 8 3 e c per minute Mean coionair sinus piessuie 
langod f i oin 81 to 100 cm of watei with an aieiage of 90 cm It is again of 
interest to note that theie was no obvious i elationsbip between tlie smvnal 
rate and eithei the mean coionarr sums pressure or the letiogiade circum¬ 
flex irtenal blood flow 
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DISCt^ION 

In these expeuments on the notni.il dogs and those m which the eoionan 
smus h id heen iiteiidi7ed foi 4 to 8 weehs we weie onginallv impiessed bv 
m ipp.uent piotution affoided the heart In eoionary sinus aitcnalizitron 
uiMinst the onset of icntruulu fihulhtion following nmior coionair aiteri 
Iicition Tins impulsion w is quuhh dispelled In mu subsequent expen- 
muits mi mini ds m wbuli the iomuiiii sums had been arteuahzed foi 6 
mouths In the immp ot munnl mini »K md m those h mmr hid pienons 
hum 1 11 mi oils i tidiu o)ui it ions we found it impel itne to expedite the col- 
hcimn m d it i lufou imtmulu fibulhtmn ensued Aftei the coioinn 
sinus hnl luui uUnnlwed foi 4 to S weeks however, the heart continued to 
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beat m ngoious unmtei rupted fashion foUoyvmg circumflex coi on ary aitcn 
ligation V\ e soon learned that in these animals we could pioceed moie 
deliberately in seeming oui blood samples, pioviding the giaft was fnne 
trolling Once the graft was occluded, data had to be obtained yvjth dispatch, 
lest the heart fibnllate In two dogs m which the heart beat well foi 1 and 
2 hours, lespectiveh', following ligation of the circumflex artery, ventricular 
fibiillation ensued within 5 minutes of the occlusion of the giaft This oh 
seiyation could not be substantiated in oui subsequent expeiiments on animals 
m which the eoionaiv sinus had been artenahzed foi 6 months In this gioup 
though we had moie time to collect data than m the noimal gioup, we weie 
smgulaily unimpressed bj the afforded piotection to the heart agamst yen 
tncular fibrillation by the piesence of the giaft These findings hace been 
picMously described by otheis Hahn and Beck 1 ligated the descending innras 
of the left coionan aiteiy in noimal and m sums artenahzed animals wnth 
essentially sinnlai results These imestigatois noted a 70 per cent mortality 
folloyymg left antenoi descending ligation m the noimal dogs and the myo 
caichal mfaicts yyeie extensile in those summing ligation In sinus aitenal 
lzed dogs, the mortality fell to 11 pei cent In these dogs a gioss infaict was 
absent in moie than one-half of the specimens, and m the lemaniing ones 
the mjocaulial destiuction was limited to small aieas In ten dogs which had 
had pieiious unsuccessful sinus aitenalization yvith subsequent thiombosis of 
the giaft, ligation of the antenoi descending artery agani lesulted in a 70 pei 
cent mortality 

Eckstein and co woikers, 010 in expeiiments on acutely piepaied sinus 
aitenalized animals demonstiated an immediate piotection to the heart against 
yentncular fibrillation following cncumflev coionan aiten ligation In 
those expeiiments the animal y\as deemed a suiynal if it lned foi moie than 
60 minutes following circumflex coionan aiten ligation In a gioup of noi 
mal contiol animals seven died of yentncular fibnllation within nn ayeiagi 
time of S9 muiutes Thiee lned moie than 60 minutes (one deyeloped yen 
triculai fibnllation ill 67 minutes) In a gioup of acutely piepaied sinus 
aitenalized animals, none died yyithin the picscnbed 60 minutes One died 
in 62 minutes of caidiac anest, and one died of yontiiculu fibnllation m 3 
hours 

Eckstein’s expenments suggest a piotection to the heart against yen- 
tneular fibnllation m acutely piepared sinus aitenalized animals I bis sug 
gests an immediate piotection explained by the ictiogiadc pei fusion of the 
nnocai dial ca]nllniy bed without the deyclopment of met eased intei coionan 
artenal anastomotic flow In our pieyious woik 11 m addition to the ictio 
gnde perfusion of the nnocnidial capillary bed with aitenalized blood in 
traduced into the coionan sinus yye were lble to demonstiate a definite in 
ei ease in the intei coi on.u y anasloiuotu flow 

Oui mutt ilits rites in the fii-sf portion of these expeiimenls y\cio es 
sentinlh similar to those reported by ITalin and Beck Ligation of the cir¬ 
cumflex coion n y nitery resulted m a 90 pei cent mortality iate m noimal 
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animals The average time of onset of ventnculai fibrillation was 13 T min¬ 
utes following ligation of the arterv The length of elapsed time pnoi to 
the onset of ventricular fibrillation was not apparentlv related to either the 
eoronarv sums pressure or the letrograde blood flow fiom the distal end of 
the transected circumflex eoronarv arterv In those dogs which had had 
previous miscellaneous cardiac surgerv circumflex coronary artery bgation 
was associated with a 66 per cent mortalitv within 20 minutes due to ven¬ 
tricular fibrillation 3Vhen the left antenoi descending arterv was ligated m 
those animals having had pievious miscellaneous carcbac suigeiv the moi- 
talitv late was 60 per cent Of the two animals siuvmng antenoi descending 
lisration both had accessorv antenor descending vessels ansmg fiom the ui- 
cumflex branch of the left eoronarv arterv The accessorv vessel arose 0 3 cm 
to the left of the antenoi descending arterv and coursed over the left ven- 
tnele to the apex paiallel to it (Fig 11 In both animals eoronarv sinus 
pressure was slightlv highei than aveiage but within normal limits How¬ 
ever m both animals the retrograde arterial flow from the distal cut end of 
the vessel was sigmficantlv increased above the noimal aveiage (see Table 
II) This increased artenal backflow is probablv a measure of a more abun¬ 
dant intereoronarv arterial mastomotic flow which m turn explains the 
survival of these animals following antenoi descending eoronarv bgation. 

The mortalitv rate following left antenoi descending eoronarv arterv 
luntion iu our small senes was 60 pei cent The nioitahtv late leported bv 
Hahn and Beck m their senes of annuals was TO pei cent It is inteiestmg to 
speculate whethei the surviving animals m then senes also had such an 
anomalous accessory left antenoi descending arterv 

The mortalitv late in the animals m which the coionarv sinus had been 
artenalized for 4 to S weeks was 20 pei cent Two of these animals m which 
the pleural eavitv was fiee fiom pleuial adhesions survived cneumflex 
coronal v arteiv ligation foi 3 months until sacrificed All of the six animals 
m which lung leaks weie produced died of tension pneumothorax empvema or 
hemorrhage Two animals died within 2 hours one of \entnculni fihiillation 
md the other of caidnc airest It is intei estmg to note that m both the 
heart heat regulailv and foicefnllv until the vein giaft was clamped In both 
animals ventricular fibiillation ensued shortlv after the vein giaft was oc¬ 
cluded 


In those animals in which the emonau sinus had been artenalized foi 
6 months the mortalitv rate following circumflex coionarv aitonal bgation 
''as GO per cent The aveiage time el ipsmg between arterial bgation and 
d<ath was 04 minutes It should be realized that m the normal group of 
iinmals although the mmtslitv i ite following bgation of the circumflex 

'" tor ' " ,s % T pi ie,,t ,lu HU to GG pei cent m those animals 

m "hull pievaous mmellmeous e udme opeiations hid been peifonned 
, m U " - n,u P "f mnnils m wlinli the coionnv sinus had been srten 
, 70,1 1,,r "'""ths the mort ihtv i ite followang circumflex eoronarv artenal 

mati.m was un. hanged fiom tint subsequent to eirtumflex limrhon m a 
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fjioup of nonnal animals having preyiously had miscellaneous caidiac pioce 
dines Moicoyei, although we had noticed a pioteetion afforded to the hcait 
aftei the coionan sinus had been aitenalized foi 1 to 2 months, y\e yyere 
unalile to lepeat and confiim these obsei y ations in subsequent experiments on 
the 6-month-gtoup of animals In this lattei group, yye did note that a longei 
peuod of time elapsed between the ligation of the cncumflex artery and ven- 
tuculai fibnllatiou We weie unable to demonstiate, hoyveyei, that the oc 
elusion 01 the opening of the a cm giaft had any effect upon the speed of onset 
of yentneulai fibrillation In the two animals wduch survived arterial liga¬ 
tion, the iem giaft had been clamped foi the last 2 hours pnor to sacuficc 
It was oui impiession and geneial conception that aitenahzation of the 
coionaiy sinus onginallj piovided foi a letrogiade perfusion of the myo 
caidial bed, in addition to stimulating the lntercoronaiy artenal anastomotic 
flow r This was demonstiated in our ongmal experiments on the group of 
animals m which the coionaiy sinus had been aitenalized for 1 to 2 months 
In the group of animals m which the coionan sinus was aitenalized for G 
months, 12 although we weie able to confiim a fhefold mciease in the intei- 
coionan aitenal anastomotic flow we weie unable to demonstiate the 
piesenee of am letiopei fusion of the my ocal dial capillaij bed This led ns 
to belieie that although the giaft stimulated an increase m the mtercoionary 
anastomoses, something happened between the second and sixth month which 
preiented the letiopei fusion of the mjocaidium We weie impiessed by the 
obvious ineftectn eness of the opening oi the damping of the lein graft upon 
the pioteetion of the hcait against yentnculai fibrillation We have examined 
a gioup of these heaits pathologically, and haie noted a striking intunal 
piolifeiation wuth thiombosis and occlusion of the majoi tubutanos of the 
coionan sinus The occlusion of these majoi yenous tnbutaiies is adequate 
explanation foi the loss of letiopei fusion of the myocaidial capillaivbed A 
complete exposition of these pathologic findings will be piesented m a sub 
sequentlepoit 

Thus in oui expeimieiits on majoi coionan aiten ligation in noinial 
animals in those which ha\e had piouous miscellaneous caidiac suigeiv and 
those in which the coionan sinus had been aitenalized we weie unable to 
demonstiate am significant piolonged pioteetion against yentnculai fibnlla 
turn afforded to the heart bv aiteiialization of the coionan sinus 

smm\R\ VXD coxci LSIONS 

1 The eneumflcx coionan aiten was ligated in noinial dogs, with i 90 
pci cent six-horn modality late and an ecentual 100 pei cent modality late 

2 Ligation oi the ciicuniflex coronan aiten in dogs which haie hid 
pinions miscellaneous caidiac suigerv lcsulted in a GG pei cent modality 
rate The 31 pei cent siinnnl iate y\as not appaienth lclafed to cithei 
coionan sinus piessure oi the amount of letiogridc blood flow fiom the distal 
(Utindoftlu ligated coionan aiten 

3 Ligitum of the left antcnoi descending artery in similar dogs lesultcd 
m a GO per out modality rite Two sumyors demonstrated an accesson 
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loft antenor descending nvtew ausiug fiom the tncumflex coionaiy arterr 
This nceessow vessel piohahlv accounted foi an met ease m the mtercoionaii 
arterial anastomotic flow which was adequate to piotcct the heait against 
ventricular flln illation 

4 Ligation of the circumflex blanch of the left coionarv arterv m 
animals in which the coronarv sinus was artenalized for 1 to 2 months ie- 
snlted m a 20 per cent mortalitv It is of mtei est that in the two dogs that 
died the heart heat well for 1 and 2 horns, lespeetivelv following circumflex 
art err ligation Yentneulai fibrillation ensued in both animals within 5 
minutes of occlusion of the graft IVe were originally impressed bv the pro¬ 
tection affoided bv the anastomosis of the aoita to the coronarv sinus 

5 Ligation of the enenmflex branch of the left coionarv arterv in animals 
in which the coronarv sinus had heen aitenalized for 6 months produced a 
6G pei cent mortalitv In this gioup we weie unable to demonstiate anv 
significant protection against ventricular fibrillation affoided bv art canaliza¬ 
tion of the coronarv sums 

6 This loss of protection an as accompanied bv a loss of retiopei fusion of 
the mvocaulrum which was explained bv a maiked mtimnl piolifeintion and 
thrombosis within the majoi venous tributaries of the eoi onnrv sums 
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A TECHNIQUE FOR THE EXPERIMENTAL CREATION 
OF AORTICOPULMONARY FISTULA 

Morlei Cohen, M D ,* Herbert E Warden, M D ind 
C Walton Lillehei, M D 
Minneapolis, Minn 

C ONGENITAL aoiticopulmonaij fistula, although plr\ siologicallj ami 
clinically lelated to patent ductus artenosus, is on the uhole a much 
laiei condition Gasul, Fell, and Casas 1 in lepoitmg a case of this anomah 
in 1951, indicated that only tuenty-four cases had been pieuously recoided 
in the hteiatme Gibson 2 and Spencer 2 have discussed the clinical syndiome 
associated with this lesion Other leeoided interest 4 m this problem has eon 
ceined the derelopmcnt of methods for siugieal closure of this abnoimal shunt 
Fiom a clinical and physiological viewpoint, the teim aoiticopulmonan 
fistula is probably most suitable Other descnptiie teims that haie been 
applied aie aoitic-pulmonaiy windou and aoitie septal defect Because this 
anomah pioduees alteiations in cneulatory dynamics uluch parallel those of 
patent ductus aitenosus (although usualh of a nioie seieie degiee), and is 
usually diagnosed clinically as patent ductus aitenosus, it Mould seem moie 
purposeful to letam the teim aorticopulmonaij fistula 

The embnogenesis of these fistulas is piobablj lelated to anested de 
lelopment of the aoitie septum between the fifth and eighth ueeks of mtia 
uterine life Noimalh the tiuncus aitenosus undeigoes sepaiation into sepa- 
late channels hi the giouth of the aoitie septum The failuie of giouth oi 
fusion of the anlagen of the aortic septum may lesult in a paitial peisistence 
of the tnmcus aitenosus into the postnatal period, until a lesulting aortic 
septal defect Depending on the degiee of airested giouth, uiudoulike com 
lnunieations betueen the aorta and pulmonary aitery icsult, yarying from 
small to laige o])enings located fiom a few millimeters to seieial centimeteis 
distal to the lalie cusps Typically the defect is about 15 cm in diametei 
md uithout significant length Suigieal attempts at closuie of these fistulous 
communications haie been fi aught with the dangers of uncontiollable lieinoi 
llinge due to then pioximiL to the \ahe cusps of both the pulmonan aiterv 
and aoita Although a feu successful cases ha\e been icpoited, 4 7 most cases 
ha\e been lett untreated 

Soott and Salnston, 1 m 1953, leported on an experimental method foi the 
ti cation and closuie of aoiticopulmonan fistula This technique imohed 
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the dissection of the base o£ the aorta and puhnonarr arterr and direct surtire 

ih.se is™ sessels >«« »W»™B F°»* d *"'» ^ 

„ v .. fetoia seas crested vine* 1 CI ° {l0m 1te "°' <w 

even less from the pulmonary cusps In their experience, fistulas over 6 mm 

m diameter did not permit a long-term survival death resulting from 

monarv edema m font to ten dais Closure of these tolas; was ^cessfo 

accomplished in five of twelve long-tern sm vivo vs, hv dissection of the fistula 

reapphention ot Potts damps with division, and oversewing of the pienons 

anastomosis 



Fig l —Photograph of a congenital aorticopulmonary reptal defect viewed through the 
opened aorta. The patient was an 11-v ear-old pirl who «nffered from repeated episodes ol 
pneumonia and had au/Tcred Are vear* pretiourix an attack of bacterial endocarditis which 
was controlled with antibiotics This patient expired at sursen due to a tear incurred (indi¬ 
cated by the probe) os an attempt was made to dissect the inferior margin of the Dstula. 
note similarity a 1th experimental defects 

It is our opinion that the technique of Scott and Sabiston is sound How- 
c\er, n remen of the pathologic anatomr of this defect reveals that m some 
aspects a fistula created liv the suture technique mav not be comparable to 
mam eases of aortieopulmonarv window seen clinieallv When the levels of 
the cusps of the pulmonart arterr and the aorta are observed in the trans¬ 
verse plane it can be seen that the aortic cusps lie approximately 0 5 to 1 cm 
belou those of the pulmonary arterv Hon ever aortic septal defects seen 
clinieallv are frequentlv located in such fashion as to be equidistant from 
both sets ot cusps and mav m fact include a portion of the cusp sinuses 
In these low lvmg defects dissection of the inferior margin of the fistula is 
virtualh impossible ‘Such a case was described hr Scott 1 in which an at¬ 
tempt at proximal dissection was unsuccessful Similar cases m which the 
fistulas abutted on the artenal valves have been reported bv Dodds and Hovle c 
and have been encountered on two occasions in our experience (Fig 1) 
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METHOD 

With these piinciples m mind, a senes of expeinnents weie earned out 
in an attempt to pioduce in dogs a fistula computable to that seen climealh 
in aoitic septal defects so that techniques foi closure might be tested expen 
mentally Pielinunary attempts consisted in the placement of a stab wound 
at the base of the heart where the Malls of the pulmonary artery and aorta 
are m apposition Although it was possible to cieate a fistula in this way, 
there was moderate to seveie dissection of blood between the "vessels, and the 
fistula almost imaiiably closed in tvv enty-four to ninety-six hours This 
experience had occurred also in the hands of others 4 Subsequently the follow¬ 
ing method was evolved 

Utilizing healthy mongrel dogs of unselected -weight, anesthesia was m 
duced employing intravenous Nembutal (25 mg per kilogram body weight) 
follownng preoperative medication with morphine sulfate (4 mg per kilo 
giam bodj weight) Respiration was maintained using a mechanical insuf¬ 
flator and a cuffed endotracheal tube The animal was positioned with the 
left chest uppcimost, and it was entered, under sterile conditions, through a 
short incision in the fourth interspace The pencaidium was opened, and the 
intrapericaidial fat pad overhung the base of the aorta and pulmonary arterv 
was dissected awav (Fig 2, Stage I) By gentle letraction of the pulmonarj 
aiterv one is leadilv able to develop the plane between these two vessels 
down to the loot of the aoita When this point is leached, the ongin of the 
right and left coronary aitenes is cleaily visualized A wafer of polyvinyl 
(Tvalon) sponge, about 0 5 mm in thickness and 2 0 cm square, which had 
been pievioush soaked in a 4 pei cent solution of diacetyl phosphate, was 
then placed between the loot of the aoita and the pulmonary arterj , if 
desned the sponge mav be secuied bv a single stitch placed above it between 
the adventitial Iavers of the two vessels to ensuie against possible displace¬ 
ment The pencaidium was looselv approximated and the chest closed 
Postopeiativelv, 500,000 units of penicillin and 0 5 Grn of stieptomycm were 
given foi thice davs The animals were allowed to recover for a period of 
about six weeks after which time the fistulas weie cieatcd at a second operation 

For the second stage, the left chest was leopened through the fourth 
interspace utilizing the same piemedication and anesthesia The pericardium 
was opened and retiacted with stav sutures A purse string suture of 4-0 
black silk on a fine Atraumatic needle was placed in the anterior wall of the 
pulmonarv aiterv, just above the pulmonaiv valve (Fig 2, Stage II) The 
purse stringed nrca was then excluded fiom the aiteual lumen bv a Satinskv 
oi a tuned Potts ductus damp and incised A commercial corkhoiei, 4 to 
11 mm in diameter, was then introduced into the excluded segment of the 
pulmonaiv mteiv and while an assistant contiolled the purse string, the 
clamp was lenioved to peiamt the borer to enter the pulmonarv arterv Blood 
loss dining this maneuver was negligible, and gentle tiaction on the purse 
string contiols am further bleeding mound the boier The exposed end of 
the boici is e ipped with a cork or held with the fingei to prevent bleeding 
The lieait tolerates this manipulation well, and there is no necessitv for haste 
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At this point the index finger of the left hand is mtioduced into the 
transverse sinus to act as a guide Using a lotarv motion a defect is then 
punched out between the contiguous, non firmly adherent nails of the pul¬ 
monary aitery and aorta If one keeps in mind the fact that the aoitie cusps 
are loner the boiei can be angled interiorly so as to place the defect m almost 



STAGE I 


Right Coronary 
Insertion of tvalon orf ery 
"wafer between 
aorta and pulmonary 
- artery 



- Dissection of root 
of aorta under 
pulmonary artery 



Me C—<s C l.r 


mntlc Jlunn, outllnlnc method of croitlnr „ 

<*ec text ) aorticopulmonarj fistulas in two 
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identical positions just aboy e the y alve cusps of each y essel The finger m 
the transy erse sinus acts as a useful guide and greatly aids m the control of 
the borer The creation of the defect can he recognized by the immediate 
appearance of a marked thrill or by momentarily laising the finger from the 
exposed end of the borer to allow blight red aortic blood to spuit from the 
borer shaft The heart usually manifests a tachy cardia as soon as the shunt 
is cieated The cork boier was then carefully withdiawn and the Potts clamp 
i eapplied A short running suture of 6 0 silk served to close the incision m 
the pulmonary artery The chest vas then closed, and the animals were oh 
sened twice veekly Muimurs were imanabh audible with the stethoscope, 
and frequently a pronounced thrill could be palpated 

RESULTS 

Following some pielinnnaiy trials by othei methods, nine animals yyeie 
subjected to the creation of aoiticopulmonaij fistula hi the technique de 
scribed As had been the experience of Scott and Sabiston, defects ovei 
5 mm. in diameter yyeie not tolerated the animals dying of acute heart 
failure either immediately or early m the postoperative period In those 
animals m which the defect uas 5 mm or less, the fistula occasioned no un¬ 
toy ard effects and at sacufiee showed no tendency to heal o\er The results 
following creation of aortic pulmonary shunts in these nine animals me inch 
cated in Table I 


Table L Prodlctiox of Aorticopulwoxara Fistulas 


POO NO 

DEFFCT SIZE 1 
(MM ) 

RESULT 

1003 

12 

Excellent thrUl followed by acute cardiac dilatation and arrest 
w lthin minutes 

959 

11 

Good thrill followed by cardiac dilatation and fibrillation within 
minutes 

S62 

11 

Died 48 hours, heart failure, defect open 

Died 37 days, heart failure, defect open 

057 

8 

S71 

6 

Died 9 days, mtrapencardial rupture of fistula with cardiac tampon 

196 

5 

Died montlis, distemper, defect open 

774 

1 

Sacrificed 5 montlis, defect open 

29 

5 

Sacrificed 3% months, defect open 

36 

4 

Died 4 months f defect open, endocarditis 


Photographs of some of these defects are shown m Figs 3 and 4 Some 
of these animals aftei a penod of six weeks, were injected with betahemolvtic 
strejitococci in order to compare the susceptibility to endocarditis of these 
fistulas with those jilaced clsewheie in the penpheral circulation' 8 This 
comparison will lie the subject of a sepainte report 

In a few animals, mean pressure studies utilizing a citiate manometer 
were earned out in the light yentricle and pulmonary artery before the defect 
y\as made (at the first stage) immediately aftei the defect y\as made (at the 
second stage) and at the time of satnfhc These yyere obtained, utilizing a 
No IS needle by direct punctuic of the iesjiectne chambeis In addition, in 
order to obtain obiectne eyidenee of the shunt m two animals, Tan SIvKe 
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Hv, 3—Dos, No A/ I'iRht mm defect \lev,ed from Use aortic Mile Animal died of heart 
failure Xote firoslmltj to aortic leaflet? 
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Fig a —Low power photomicrograph showing the firm adherence of aorta (abo\e) and 
puhnonnr> arterj (below) The Italon sponge is \lslble between the two \essels (X"5 
reduced £ ) 



Fir- g _High power photomicrograph showing dense fibroplasia which has filled the Interstices 

of the I\alon sponge. (XI00 reduced 
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detei munitions of oxygen content v.eie earned out on samples ^aum sW- 
tnneoush fiom the aorta light ventnele, and the bifmcation of the pulmo- 
nan aiteiv No trae estimate of the magnitude of these shunts can he ealcu 
lated fi om these figuies as the pulmonan aiteiv samples ueie not true mixec 
specimens Ilovvevei, thev did piovide a definite indication of the piesence 
of left to light shunts These oxvgen contents and piessuie rallies aie indi¬ 
cated m Table II 


Tvble H. Hemodynamic Alterations of Aorticopulmonary Fistulas 


-.- 

ftesscpe (cm of citrate*) 


OXYGEN' CONTEXT (YOLS PER CENT) 

V.T 1ST 

STVGE 

at 2nd 

STAGE 

1 AT SACPIFICE 1 


AT SACRIFICE 


BOr PT 

1 PLL 

PT 

PUL. 

RT 

! pul 1 


right 

PULMONARV 

NO | VENT 

| APT 

| VENT 

ART 

\ ENT 

| \RT 

AORTA 

VENTRICLE 

ARTERY 

20 20 

99 

22 

29 

is 

21 a 

15 36 

S 54 

11 71 

774 12 

12 

— 


16 

IS 

16 S4 

10 04 

13 01 

SO 14 

16 

16 

IS 

12 

12 5 

— 

— 



•The thoracic spine was utilized a 4 * a baseline the animal being positioned on Its side 


DISCUSSION 

Although the alteied phvsiology and pnnciples of suigical treatment of 
patent ductus aie xrell documented, the same is not trae foi aortic septal 
defects This, in part, has been the consequence of the lack of an experi¬ 
mental pieparation smnlai to the human anomaly AYheievei one is able to 
dev clop a plane of dissection proximal to the fistula, division between clamps 
would likelv be the method of choice, howevei, in the majontr of the clinical 
instances where this defect exists, the lower margin of the fistula cannot he 
cleared bv dissection because it encioaches on the aoitic and/or pulmonary 
valve cusps In these cases it would appeal that a duect vision approach 
through the dilated pulmonarv arterv under total venous inflow occlusion might 
he consideied moie feasible 


The use of polwmvl sponge in inducing a film fibious union between the 
ougins of both nitenes has pei nutted the blind cieation of defects at the 
level of the lespective valve cusps This sponge is readily invaded by con¬ 
nective tissue (Tigs 5 and 6) and will pemnt the creation of a clean defect 
if a la/orslmip cutting instillment is employed These defects permit a sig¬ 
nify mt (albeit undetermined) shunt and do not demonstiate any tendency 
to close ruitliei studies will he made to deteimme the long-iauge effects of 
this tvpe of fistula upon the pulmonaiv vasculatuie and to investigate these 
(ft a ts in i elation to the v olume of the left to i lght shunt 

The inclosed susceptihihtv of the valves of the heart to bactenal endo- 
(arditis with sigmfic mt nlei iov enous shunts has been pievnouslv docu- 
nunted The cnculition m these experimental animals would appeal to he 
suhiected to i sitmific nit stiess as evidenced bv the occnirence of a fulminat¬ 
ing bmttiinl endueai(litis following intravenous mtioduction of small num- 
, ot '’ uU,n " ,nd > aro Imtmless to animals with a normal circulatory 
svs cm Tin V lives most iffccted weie those related to the shunt paiticulailv 
tm monnv v live which in some instances was completelv destroved hv 
timrntul vciutatums These changes are shown in Tigs 7 and S 



Dog No 3G lour mm norticopulmonnrj defect \ lowed from aortic side showing 
bacterial \egctatIons on the \al\c cusps 



Fig 8—Dog No 3t> Mns*l\c \ captation* of b ictcrinl endocarditis which ha\e destroyed 
tin pulmonarw \nl\e cu«ps and ln\ol\ed the entire root of the pulmnnarj arterj The aortico- 
puhnonarj fistula Is hidden bj the \egetntlon* 
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The piessuie studies recoided m Table II are m keeping until the ‘well- 
established fact that marked increases in pnlmonarv flow mar occur without 
producing a significant nse in pulmonarr arterv pressure, unless 01 until 
marked reductions of the pulmonarr vascular bed (induced by such means as 
resection of lung tissue or significant artenolai changes) have occurred to 
increase resistance to flow It is possible, although conti oversial that if these 
shunts were permitted to exist over a period of rears, some vascular changes 
might occui in the pulmonarr arterioles with the consequent oceunence of a 
pulnionan hi pei tension such as occurs chmealh in certain patients with this 
defect 

SUMAI ART 

Congenital aorticopulmonarv fistula, although not a common congenital 
heart lesion continues to piesent a suigical problem m its lepair ^Ybeie the 
lower margin of the defect can be cleaied bv careful dissection the division 
of the shunt between clamps will permit collective ablation Howevei in 
those instances where the fistula is large and extends to the margin of the 
utonal ial\es (which is piobablv the most common situation) alternate ap¬ 
proaches, probablv through the pulmonaiv arterv with the cn dilation tem- 
poranlv mteriupted become neeessarv An expeumental method of creating 
this litter tvpe of defect has been outlined 
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IXTRAPERICARDIAL DISSECTIOX IN RIGHT PNEUMONECTOMY POP 
BRONCHOGENIC CARCINOMA 

"WTlliaji H Wierman, M D John W Kirklin, MD, 4e and 
P Henry Ellis, Jr , M D ,** Rochester, Minx 

P ROOF is not jet available to show that resection more ladical than that 
accomplished bv oidinaiy pneumonectomj r offal's a bettei chance foi cine of 
bioncliogenic caicinoma tlian does the latter procedme Theie aie reasons 
for believing, from a theoretic standpoint, that such is tiue With this m mind, 
ive liaie executed ladical pneumoneetomj, as haie others, in instances of bion- 
chogenic carcinoma not suitable for lobectoim In tune, data mil become a\ail- 
able to settle the question as to the adiantages of this ladical pioceduie m teims 
of sun lval rates 

Meanwhile, it is important to deteimme tlie lisk of the more extensile opera¬ 
tions, and to standardize the techniques These techniques have been mtioduced 
and extended bv Allison, 1 In Healev and Gibbon, 2 and bj others We pieviouslj 
outlined oui expenenee mth radical left pneumonectomv emplojnng mtiapen- 
cardial dissection 3 Ileiein oui expenenee to date ivith light pneumonectomy 
and mtiapencardial dissection is detailed, and an appraisal is made of the 
opeiatne mortalitv 


anatomy 

As the pulmonarj ai tones leave, and the pulmouan veins cntei the heart, 
tliex leeeive fibious piojcctions fiom the fibious pencaidium, which blend with 
their adientitia The supenoi lena caia, as it enters the pericardium, likewise 
lecenes such fibious expansions Howeiei, as the mfenor Aena cava enters 
dnecth ua the cential tendon of the diapluagm it does not recene am fibious 
leflection 

The scions lajer of the panctal pencaidium lies on the undeisuiface of 
the fibrous pencaidium, but at the sites of icssel attachment to the heart the 
panetal scious laici is reflected to form the Msceral scions eoienng, 01 epicar- 
dium These lines of scions pencardial inflections foim two ien short meson 
tones the arterial niesocardium and the venous mcsocaidium 

The venous scious leflection envelops, with a double inembiane, m tum, 
the mfenor vena ca\a the light pulmonan lems, the supenoi lena caia, and 
the left pulmonan leins The ittichment of these to the postenoi panetal 
pencaidium piesents the form of an lmcitcd U, and the lcsultant cul de sac 
hung behind the left atnum is known as the “oblique sinus’’ The double 
Itvoi of connecting seious pencardium must be incised both abo\e and below 
the icsscl to allow a ligatuic to be pissed aiound it 
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\S the inferior aspects of the pulmonair arteries bulge mto the serous sac 
lho tcenc a serous reflection winch must be dmded antcrrorlv and posteriori 
to fiee them eompleteh foi ligature 



Fig 1—Initial stage of right pneumonectorm with intrapericardial dissection In man> 
c*\*»cthe pericardium W Incited posterior to the phrenic ncr\e but when the tumor Is en¬ 
croaching on the pericardium this nerve mu**t be ’lacriftced 


TFCn\lQlE 

Wc hare used a posteiolateral incision tluough either the fitth interspace 
or the lied of the 1 ejected su-th 11b for nght pneumonectonu In most ot oiu 
cases, the patient has been on his left side dining opeiation, lion ever, lecenth 
"C hare earned out the identical pioceduic while the patient rvas in the prone 
position Theie con he little doubt that the identical operatic e pioceduie can be 
tuned out with the patient in eithei position although the ordei of the dissec¬ 
tion mar hare to be altered somewhat The following description applies when 
the patient is m the lateral position 

linti ilh, the entire site of dissection is outlined In incising the mediastinal 
pleura o\er the nngos rein and enrrvmg this incision down antenorh across 
the superior \ein_ car a and longitudinally opening the pericardium just behind 
the phrenic none If it is opened well postenoih in tins fashion, theie is no 
difluult\ with herimtron of the heart through the opening postoperatneh On 
missions luroeur the carcinoma has minded antenorh onto the pericaidmm 
m Muh a war that wider returnal is nceessan and m these instances the pon- 
larduun must he opined antenoi to the phrenic ner\c as shown m Fig 1 
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A flap of pencaidium can then he de\ eloped winch can he stiongh 
11 tiacted postenoih to display the supenoi iciin ca\a aboie and the lateinl 
aspect ot the light atimm below The supenoi and infeiioi pulmonan \eins 
can then be identified intiapencaidialh and the mam right pulmonary aiten 
can he seen to emeige flora beneath the supenoi \ena ea\a Because of the 
povsible dissemination of tuinoi emboh tlnough the leins, it has been oui practice 
to sccuic the \eins first whenexei possible The pencaidial leflections aiound 
the supenoi puhnonan \ein aie fieed and the rein is doubh ligated on the 
piovinial side flush with the postenoi wall of the left atimm and divided between 


Flap of 
pericardium 



Fig 2—The superior an I Inferior pulmonnn \cins are secured first. The right pul 
monarj arterj Is dUldtd beneath tlu superior \ena ca\a -which is retracted In practice all 
pulmonary \e < *^els arc secured b\ a ligature plus a transfixion ligature 

the distal ligatuie and a clamp placed more distalh The liifenor pulmonnn 
vein is genciallj seemed within the peiicaidiuni, altliough, because of its slighth 
moie postenoi location, it is not quite as easily exposed On occasions when 
the carcinoma is linadmg well down onto the pulmonnn \em area, it has been 
povsible to place a fine tooth Potts cuned clamp directh on the dnerticuluni” 
ot the posterior left atnal wall into which both right pulmonan veins entei 
The \eins are clamped distalh and disconnected irom the atrial wall The 
icsultant defect in the atimm is then oicrsewn with interrupted silk sutures 
The pulmonnn nrterv is fieed from its pericardial reflections beneath the 
superior \ciin ca\a where it is doubh ligated on the proximal side, clamped 
distalh, and di\ ided between the ligatures and the clamp (Fig 2 ) 
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The Inns is then retracted antenoih and the version of the mediastmal 
pleuia vs earned over the a* gas vein down, caudal* over the esophagus The 
Lht mam hiondms is dissected out m suelv a wav that the suheorvnal *mph 
nodes are peeled down so as to be amoved along with the specimen The bron¬ 
chus is cut across flush with the trachea and closed wrth interrupted silk With 
traction on the clamp seeunng the bronchus distallv the lung is elevated, te 
suheorvnal lvmph nodes and the lvmph nodes along the proximal reaches of the 
lett main bronchus are dissected awav so as to be removed with the specimen 



lip '—The lunp 1^ now reflected nntenorl} The subcorvnal ij-mph nodes and nodes 
rnottp the upp'-r r ache* of the left main bronchu* are swept down with the specimen The 
ripht bronchus is cut across Just distal to the corona. Vs the lung is lifted bw»> from the 
mediastinum the mediastinal nodes are dissected aw as en bloc with the tpecimen. 

Likewise, the lvmph nodes hmg alongside the adpaeent esophagus are dissected 
up to be removed en bloc with the lung and soft tissue and remamdei of the 
mediastinal hmph nodes The vagus nerve is severed as it emerges from beneath 
the fl 7 vgos vein and also seveied again distallv low m the thorax so that a 
portion 01 it is removed with the specimen As this removal of the specimen 
progresses a portion of the pericardium and soft tissue m this region is likewise 
dissected avviv (Ftc 3) 

At the conclusion of the resection there remains a defect in the pericardium 
md a defect m the mediastinal pleura m tne resion of the lulus of the lun" 
Tlso left main bronchus the csophaaus and the aorta can all be seen after tins 
en bloc removal ol the lung a portion ot the pericardium and the mediastinal 
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lvniph nodes The bronchial stump is caiefulh coyeied with mediastinal pleura 
and soft tissue The thoiacic wall is closed m layers in the usual fashion without 
diamage 

RESULTS 

Right pneumonectomy with intiapeiicaidial dissection and lemoval en bloc 
of the mediastinal lymph nodes has been done m 32 eases During the same 
period, left pneumonectomy with mtrapencaidial dissection, as previously 
described, has been performed on 49 patients, which makes a total of 81 pneu 
moneetomies done by the intraperieardial operation In this gioup tlieie ha\e 
been six deaths during hospitalization, a mortality rate of 7 4 pei cent 

In the series of 49 patients who nndenvent left pneumonectomy, two hay c 
died—the case of one patient was leported in our previous communique, 3 the 
other patient died of pulmonarj embohsm Four deaths occuned, however, 
among the 32 patients undergoing right pneumonectomy wnth intraperieardial 
dissection, a mortality late of 12 5 per cent 

Tyvo of these four deaths lesulted fiom lespiratory insufficiency in the late 
postoperative period One death was due to a massne embolus to the left 
pulmonary aitery occurring on the fifth postoperative day The fourth patient 
died as a result of empyema on the right side and subsequent development of a 
bronchopleuial fistula These data eonoboiate the impression of others that 
light pneumonectomy, m gcneial, carries a more significant usk in cases of 
eaicinoma than does left pneumonectomy 

In only one case, namely, that of the patient yvith empyema and late bron 
chopleural fistula, could the moie radical pneumonectomy liaye possibly been 
implicated m the patient’s death Theie were no other instances of broncho 
pleiual fistula in this series, however, and it is our impression that, m the fatal 
case reported, the bionchopleural fistula developed after the empyema and was 
pei haps secondary to it 

It is, of course, impossible as yet to assess the suivnal rate m these cases 
Further time and study will be necessary before it is knoyvn whether the more 
extensile operation results m a higher peicentage of survivals 

discussion 

The opeiatiie pioceduie described can be done safelj and its use can 
extend the resectability of eaicinoma of the lung It is not as radical as some 
proeeduies descubed, and we do not deny that a more extensile operation can 
be done—noi do we deny the possible adyantages of such a piocedure This is a 
safe, rational, nggiessne mode of attack on bionchogemc eaicinoma Whether 
or not it has a more fayorable effect on the survival rate than standard pneu 
monectoniy remains to be determined 
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METASTATIC MALIGNANT LESIONS OF THE LUNGS TREATED BY 

PULMONARY RESECTION 

A Report of 43 Cases 

Robert T Hood, Jr , M D * Robert P McBurxev, M D ,** and 
0 Therox Clagett, M.D ,*** Rochester, fa 

T HE modern surgeon has lesponded to the therapeutic challenge of malignant 
disease with increasingly hold attempts to extirpate all discoveiable malignant 
tissue Wide, en bloc lesections of pumaiy growths with partial or total removal 
of adjacent structures have become accepted surgical pioceduies for cases of 
cxtensn e malignancy bei ond tlie hope of cui e bi lesser surgical measui es 
Excision of distant metastatic lesions, at first approached as an interesting 
experiment, has gradually evolved into a defensible but still highly controversial 
proccduie Pulmonary resection for metastatic lesions probably represents the 
gieatest experience with the suigical excision of distant metastatic lesions The 
general acceptance of this procedure, howevei, an aits a careful assessment of its 
accrued benefits These include the palliation afforded, the retaidation of the 
rate of spread of the disease, and the mcidence of “cine” effected by the removal 
of a presumable solitary metastatic lesion The answers are not to be shortly 
forthcoming Experience is still limited and lelativelj brief As in all studies 
m\ oh ing mam tvpes of malignant disease, the extieme variability m the behax 101 
of the individual tvpes of tumors introduces a tioublesome complexity These 
factors inevitably delat final judgment of pulmonary resection as an established 
procedure for the tieatment of metastatic malignant disease 

In 1950, Seiler, Clagett, and McDonald 1 reviewed the experience at the 
Ma\o Clinic with the treatment of pulmonart metastatic lesions by resection 
This report is an extension of that studi 


material and method of studx 

Tins studs compuses a lcview of ioiti-three cases in uInch pulmonary le- 
siction vas performed at the Clinic as a definitne pioceduie foi a metastatic 
tumor of the lung It does not include cases in ivhich the pulmonan opeiation 
was limited to a biopsi of the mtiathoracic lesion Ten of the forti-tluee cases 
were preuoush reported In Seiler, Clagett, and McDonald The patients of this 
latter group sunning at the time of their report ha\e been furthei tiaced 
Twenti three of the patients were male and twentx female The relatne 
smularitA of incidence m the sexes is in distinct conti ast to the preponderance 
of males among the patients undergoing pulmonary resection for bionchio^emc 
< an momn ° 
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At the Clinic the first pulmonarj resection for metastatic malignant lesions 
was performed in August, 1941, on a patient who had, 3 years previoush, under¬ 
gone nephrectomy for hypernephroma This study includes all the cases m 
which removal of metastatic pulmonan lesions was performed prior to 1952 
The procedure has been increasingly utilized during recent } ears Dining 1951, 
pulmonam resection was performed 13 times for metastatic pulmonan lesions 
The ages of the patients at the time of the pulmonary resection varied in 
this senes from 6 to 67 years (Table I) The opeiations for the primary lesions 
had been perfoimed between the ages of 6 and 66 years Pifti-eight per cent 
of the pulmonary operations weie perfoimed on patients in the fifth and sixth 
decades of life 


Table L Age of Patients With Metastatic Mali gnant Lesions Treated by 

Pulmonary Besection 


AGE TS TEARS 

INITIAL 

OPERATION 

PULMONARY 

OPERATION 

number 

| PER CENT 

NUMBER | 

PER CENT 

0 9 

O 

48 

1 

2 3 

10 19 

i 

24 

1 

2 3 

20 29 

6 

14 3 

4 

9 3 

30 39 

S 

19 0 

6 

14 0 

40-49 

14 

33 3 

12 

27 0 

50 59 

S 

19 0 

13 

30 2 

60 69 

3 

72 

6 

14 0 

Total 

42* 

100 0 

43 

100 0 


•Excludes one patient without resection of pr/marj growth sec text 


Follow-up studies were obtaiued on forty-two of the forte -three patients 
One patient, a woman whose pulmonan lesion was secondary to an adenocar¬ 
cinoma of the uteius, could not he located following her dismissal fiom the Clinic 
Among the patients known to be In mg at the time of this stude, the shortest 
period following opeiation was 14 months and the longest period 78 months 
Follow-up studies applied to eighteen of the patients ovei a 3-vear period and 
to eleven of them oiei a 5-eeai penod 

Operations for the primar\ lesions were all curatne m objectne, and no 
detectable malignant tissue lemained aftei completion of the operation In one 
case, leported pieuoush bv Seilei and associates, 1 a patient with an adenocar¬ 
cinoma of the colon underwent pulmonan lesection prior to remoeal of the 
pnmnn growth In one other case, the secondnn nature of the pulmonary 
lesion was diseoeered after pathologic examination of the surgicalh removed 
lung The patient succumbed befoic the location of the primary growth could 
be discoeered The pnman lesion was found at nccropse 6 In two patients, 
the initial growth was treated In loentgen therape following hiopsj rather than 
In surgical excision 

\N\L1SIS OF D VTA 

h'l/mpfoms—Tv cut e four patients did not complain of am significant 
pulmonan semptoins pnoi to nnioial of their metastatic tumors The common¬ 
est complaint among the leinaindcr was a cough, which was piesent among four 

• \nothor patient underwent two pulmonarv rejection* for metastatic pulmonarj lesion? 
the first a Iobectomj and the second 37 months later a local excision 
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teen of the patients In ten of this group the eongh was productive of sputum 
Hemoptysis was noted bv eight of the patients Three patients complained of 

pain, two of dvspnea, and one of wheeze 

In the majontv of patients the onset of pulmonary svmptoms was not ol 
itself a factor in the detection of the pulmonarv metastasis, smee most patients 
reported regularlv for follow-up examinations However, m twelve patients 
whose prunarv lesions had been removed from 3 to 15 vears previonslv, concern 
about pulmonarv svmptoms provided the stimulus for seeking medical con¬ 
sultation 

Roentgenologic Characteristics —All patients m this study presented roent¬ 
genologic evidence of a nonobstructive pulmonarv mass lesiom The size of the 
lesions varied from 1 to 7 cm. in diameter AYith two exceptions the lesions were 
sohtarv In both of these cases the appearance was that of satellite nodules 
rather than widelv separated or disseminated multicentnc lesions The charac¬ 
teristic lesion was peripheral in location rather than situated deeplv within the 
lnng It was round rather than oval or irregular m shape Its border was 
distinct rather than hazv, its shadow dense, and its consistencv homogeneous 
•■small lesions naturallv, were less likelv to present a distinct border and heavi 
shadow than large lesions Xo lesions in this group showed roentgenologic 
evidence of central necrosis or calcification Except in two cases no detectable 
pulmonarv lesion was present at the time ot operation for the pnmarv tumor 
thus the appearance of a mass in the lung was prima facie evidence of a grow¬ 
ing lesion 

Cytologic Examination of the Sputum —Alanv of the patients underwent 
pulmonari resection pnor to the establishment of evtologic examination of the 
sputum as a standard procedure, so that the number of patients studied bv this 
means was necessariti small Eleven patients had at least one examination 
of the sputum for malignant cells Atvpical cells were found in one patient In 
two cases, an unequivocal diagnosis of malignant cells was reported The results 
of examination for eight patients were negative 

Bronchoscopic Examination —For manv xears at the Clinic it has not been 
cutioman to perform bronchoscopv umformlv on patients because of the sole 
finding of a pulmomn lesion on the roentgenogram Since peripheral lesions 
rareh can be visualized bv bronchoscopx, this procedure m the absence of other 
indications for bronchoscopi, was not performed on the majontv of these 
patients 

Preoperative bronchoscopi was performed on eleven patients, onlv three oi 
nlmm failed to show some abnonnalitv related to their metastatic lesion In 
fi\c cases, tissue obtained b\ btopsv was demonstrated to be malignant The 
tissue trom another mass showed onlv mflammatorv changes In another patient 
the right loner lohe bronchus was narrowed Bronchoscopv mealed blood 
coming from the affe<tod lobe in another 


latholnoic \ature of Vrvnan, Tumor- The metastatic tumors encountered 
in this group oi patients arose from a wide aaneti of pnmarv growths (Table 

! ' m *!"'° t,1C '™ nr * wcrc “ carcinomas Thus group included 

cam oi teratoma of the testis, mixed tumor, and hemangioma Eleven of 
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T '■Ht e IL Type or Primary Tumor for Which Pulmonary Besection of the Metastatic 

Lesion Was Carrifd Oct 


TYPE OF PRIMARY TUMOR CASES 

Carcinoma 32 

Adenocarcinoma of rectum 4 

Adenocarcinoma of colon 4 

Adenocarcinoma of jejunum 1 

Adenocarcinoma of uterus 1 

Adenocarcinoma of ovary 2 

Adenocarcinoma of breast 2 

Cylindroma of salivary gland 1 

Cylindroma of nasal fossa 1 

Mixed tumor of jaw j 

Hypernephroma 3 

Squamous-cell epithehoma of shin 1 

Squamous cell epithelioma of larynx 1 

Squamous cell epithelioma of cervix 2 

Melanoma 3 

Hemangio endothelioma 1 

Teratoma of testis 4 


Sarcoma 11 

Fibrosarcoma 0 

Osteogenic sarcoma 3 

Giant-cell tumor of bone 1 

Ewing’s tumor 1 


the tumors weie classed as sarcomas The commonest tumor was adenocarcinoma 
of the bowel, the pnmaiv lesion of which was located in the jejunum m one 
patient, 111 the colon in four patients, and in the rectum in four patients 
Teiatoma of the testis also oceuned 4 times Hypei neplii oma and melanoma 
weie each encountered 3 times There weie two cases each of adenocaicmoma 
of the ovaiy, adenocaicmoma of the bieast, and squamous-cell epithehoma of 
the cervix Adenocaicmoma of the uterus, cylindioma of the salivary gland 
and of the nasal fossa, mixed tumoi of the jaw, squamous cell epithehoma of 
the skm, squamous cell epithehoma of the larynx, and hemangioma weie each 
encountered once The commonest of the saicomas was fibiosarcoma, which was 
found 111 six patients Osteogenic saicoma accounted foi tlnee cases and giant 
cell tumoi and Ewing’s tumor each foi one 

Time Interval Between Rcmoial of the Primary Tumor and Removal of 
the Pulmonary Metastatic Growth —In two instances the pulmonaij metastasis 
uas removed before a pnmaiy growth uns excised The internal between the 
two pioceduies varied in the remaining patients from 2 to 270 months The 
pulmonaiy resection was peiformed between 1 and 5 vears following lemoval 
of the pnmniv growth in twentv-fiv e of the fortv-thiee cases 

Type of Operation —All foims ot pulmonnrv lesection were employed in 
this gioup of patients Lobeetomv was most fiequenth the piocedure of 
choice, being utilized 26 times Pneumonectomv was peiformed for twelve of 
the patients Local excision, including wedge resection, was used 4 times (once 
ns a second resection after lobeetomv and a reennence of the metastatic lesion), 
and segmental lesection was used twice Theic has been a trend toward more 
conservative resection of pulnionaiv tissue for metastatic tumors Pneumonee 
tomv was performed m 2S per cent of all cases m the series, but m only 15 
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PCI cent of the cases m which opeiation was performed during 1951 On the 
otliei hand, the local excisions and segmental resections weie all earned ou 


dming 1930 and 1951 , 

Survival Pawds —The pertinent data for each case aie summarized 

Table III One patient failed to reph to follow-up letters attei leaving t ie 
Clnue Another patient succumbed 1 month aftei pulmonam leseetion while 
still m the hospital and represented the onlv hospital death in the group T ie 
sumval statistics aie based on the lemammg fortv-one patients who wexe suc- 
cessfulh followed (Table IV) 

The longest period of survival in the senes was foi more than 6 a ears in 
three cases Two of these patients were still living 78 and 77 months aftei 
operation while the third had succumbed SI months postopeiatneh 

Among the fort a- one patients that a (73 2 per cent) sumied for longei than 
1 a ear TwentA patients underwent operation at least 3 veal’s pnor to the close 
ol this studi, and two of these Avere not traced for as long as 3 vears Six 
(33 3 per cent) of the eighteen traced patients Aveie living 3 or moie A-ears 
after operation EleAen patients were followed foi at least 5 vears after opeia¬ 
tion three of them (27 3 per cent) stunned tins interval 

The presence or absence of pieopeiative pulmonarv sxmptoms had little, 
if am, piognostic beaung Since most of the patients underwent operation in 
recent a cars, onh 1-vcar survival lates will be calculated when comparing 
a arious factors Of the total fortv -one patients, twentA -thiee Aveie asA-mptomatie 
of whom scienteen (73 9 per cent) lived 1 year or more after operation Among 
the eighteen patients Avith pieoperative pulmonarv sA-mptoms, thirteen (72 2 
pei cent) In cd 1 a eai or more The mean intern al between the operations foi 
the remo\al of the primarx and metastatic tumors was 36 months for the asymp¬ 
tomatic group and 59 months for the gioup ivith snnptoms Thus, the presence 
of pulmonan svmptoms should not in itself deter the decision for resection of 
pulraonan metastasis 


In general, the larger lesions, as measured bv roentgenograpluc means, were 
issociated with shorter survival periods The 1-vear survival rate for the larger 
lesions was 50 per cent as compared mth 75 per cent for the smaller lesions 
Measurements x\erc made on onh sixteen patients, eight in each group The 
patient intli the largest metastatic lesion (7 cm in diameter) died 10 months 
after operation There weie onh two patients m the senes whose tumors ap¬ 
peared nuiltucntric on the roentgenograms These died 6 and 10 months post- 
operatnch 


Exfoliated malignant colls weie found m the sputum in onh three cases 
In addition theic were eight cases with negatne lesults of sputa examinations 
These groups arc obnoush too small to permit ana conclusion regarding the 
prognostic significance of exfoliation of cells from the metastatic lesions 

A m ie\\ of the hearing of the pathologic nature of the tumor on the sum, a l 
pi nod penmts few if am unqualified conclusions Among the cleien patients 
with s lrcoiua six (54 5 per cent) lncd 1 a ear or more after operation Of the 
Unm patients with carcinoma, twentA-fonr (SO 0 per cent) lncd 1 a car or more 
after operation Thus there is a somewhat more far enable outlook for patients 
with carcinoma than for those with saicoma P 
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TABLE III PtJLMO\AR\ RESECTION FOR MeTASTVTIC MALIGNANT LESIONS ItATA ON 43 CASES 



TIME IN 






TERVAL 






(MONTHS) 
FROM RE 


MONTHS AFTER 


MOVAL OF 


PULMONARY RESECTION 


PRIMAPY 


WITH 




TUMOR TO 


OUT 

UNTIL 


PRIMARY LESION, TV PE AND 

PULMONARY 


RECUR 

RECUR 

UNTIL 

SITE 

RESECTION 

OPERATION 

REN CE 

RENCE 

DEATH 


i 

Adenocarcinoma, rectum 

48 

Lobectomy 


12 * 


2 

Adenocarcinoma, rectum 

24 

Lobectomy 


12 

10 

3 

Adenocarcinoma, rectum 

12 

Lobectomy 



12 

4 

Adenocarcinoma, rectum 

51 

Lobectomy 


8 

12 

5 

Adenocarcinoma, colon 

0 

Pneumonectomy 


20 

24 

G 

Adenocarcinoma, colon 

72 

Lobectomy 



12 

7 

Adenocarcinoma, colon 

00 

Lobectomy 

40 



8 

Adenocarcinoma, colon 

36 

Pneumonectomy 



12 

9 

Adenocarcinoma, jejunum 

0 

Pneumonectomy 



1 

10 

Adenocareinomn, uterus 

36 

Lobectomy 

No data 



11 

Adenocarcinoma, otara 

180 

Pneumonectomy 

14 



12 

Adenocarcinoma, ovary 

48 

Lobectoma 

78 



13 

Adenocarcinoma hreast 

120 

Lobectomy 

45 



14 

Adenocarcinoma, breast 

48 

Segmental resec 

21 






tion 




15 

Calindromn, salivary gland 

00 

Lobectomy 

20 



10 

Calindroma, nasal fossa 

12 

Lobectomy 


12 

19 

17 

Mixed tumor, jnw 

270 

Pneumonectomy 


5 

12 

18 

Hypernephroma 

37 

Pnenmonectoma 


06 

81 

19 

Hypernephroma 

48 

Pneumoneetoma 

31 



20 

Hypernephroma 

2 

Lobectoma 



1 

21 

Squamous cell epithelioma, 

48 

Lobectomy 

24 



22 

Squamous coll epithelioma, 

108 

Lobectomy 


0 

21 

23 

Squamous cell epithelioma, 

24 

Lobectomy 

25 




cervix 






24 

Squamous cell epithelioma, 

48 

Lobectomy 

20 




cervix 






25 

Melanoma, right shoulder 

3G 

Lobectomy 



0 

2 G 

■Melanoma, left shoulder 

48 

Segmental resec 



7 




tion 




27 

Melanoma, left forearm 

4S 

Lobectoma 


3 

4 

2S 

Hemnngio endothelioma 

120 

Pneumonectomy 



31 

29 

Teratoma, te"tis 

12 

Lobectomy 



G 

30 

Teratoma, testis 

30 

Pneumonectomy 


- 

4 

31 

Teratoma testis 

15 

Lobectomy 


IS 

21 

32 

Teratoma, testis 

12 

Lobectomy 

30 



33 

Fibrosarcoma, right ch< «t 

6 

Pneumonectomy 



10 


wall 






34 

Fibrosarcoma, right leg 

132 

Lobectomy 


30 




1691 

Local excision 

40 



35 

Fibrosarcoma, bach 

48 

Lobectomy 



3 

30 

Fibrosarcoma, arm 

o 

Local excision 



10 

37 

Fibrosarcoma, bach 

36 

Lobectomy 


9 

12 

3S 

Fibrosarcoma elbow 

144 

Lobectomy 


0 

IS 

39 

Osteogenic sarcoma, os 

60 

Lobectomy 


3 

11 


calcis 






40 

Osteogenic sarcoma tibia 

72 

Pneumonectomy 



3 *j 

41 

Osteogenic sarcoma scapula 

4S 

Pnenmoncctomv 

10 



42 

Giant cell tumor tibin 

IS 

Local excision 

23 



43 

Fwtng’s tumor, humerus 

7 

Local excision 



8 


I I\ Inp 43 month" 

t Patient underwent second pulmonary n section for r* currencc 37 month* after flr"t 
pltlmonnn resection Erie from further rocumnce 40 month* later 77 month" after flr«t 
pulmonnr* re*ectlon 
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The variation in survival period among patients with pathologically similai 
tumors was great The shortest smvival penod of a patient with fibrosaicoma 
was 3 months, 3 et one was living without lecuuence 77 months after opeiation 0 


Table IT Survival Pepiods* Following Pulmonary Resection for a Metastatic 

Malignant Lesion 


SURVIVAL PEPIOD, TEATS 

CONDITION 

AS OF LAST REPORT 

LIVING 

} DEAD 

Less than 1 

0 

11 

I, but less than 2 

0 

12 

2, but less than 3 

5 

2 

3, but less than 4 

3 

0 

4, but less than 5 

0 

0 

5, but less than 6 

0 

0 

0, but less than 7 

2 

1 


•Exclusive of one untmeed patient and otu patient who died In the immediate post' 
operator period 


Tlnec of the six patients with fibiosaicoma lned foi 1 leai 01 moie One of 
the thiee patients with osteogenic sarcoma was living 19 months postopeiativeli, 
while the other two succumbed at 11 and 15 months The patient with a giant- 
icll tumoi was liung 28 months after opeiation, while the child with Ewing’s 
tuinoi had died 1118 months All thiee patients with melanomas died 111 7 months 
01 less The patient with hemangio endothelioma sunned foi 31 months Squa- 
mous-eeil epitlielioma earned a moie fas 01 able piognosis With the exception 
of the patient whose lesion arose m the larynx, all weie lmng at the completion 
of tins renew The periods elapsed were 25 and 26 months foi two patients 
with lesions of the cervix, and 24 months for the one with the thumb lesion 
The patient with squamous-cell epithelioma of the larynx died 21 months aftei 
operation Of the four patients with carcinoma of the rectum all had lecur- 
rences within a 3 car and two had died within a 3 ear The outlook for the four 
patients with carcinoma of the colon was somewhat more favorable One was 
snn n mg 40 months after operation without evidence of recunence The others 
lmd Cod at intervals of 24, 12, and 12 months after removal of the metastatic 
SNOW . The patient with caicmoma of the jejunum died befora the pnman 
p , ' u ? rcmo ' cd B°tl> patients with carcinoma of the ovan sunned 

one being nine without iceturenec 14 months, and the othei, 78 months following 
operation In two of the foui cases of teratoma of the testis the mtients b n d 

Twl of t t h i m t! m0UUlS ^ COUtrast ’ auothcl ' vas h ' >ng 39 months aftei operation 
wo of he thiee patients with hvpemephroma had favorable results One In ed 

1 lnoul, ' s nftcr operation, while the othei was free of annmwit , * ° 

T ' ,cilur,J ^ 1 ">»«'»£><.,pl„ 

HI,,,,, Tlie p a „ mts , VIth " bc tZZ™ 

r P tti< nt pr< «entoi) 


nIMKSbL f-fIfStHfelSp. 2r 

"1 nm r tlun In j rhr , n-rurronr. aenln frS? 2? ni i.“ recurrent 

Vr*»m tin rlclit ueinr LihV n! n °, ' IT ? r n,ft aplntlc tIff-ue \\ pro romp, ? on , tl1 nf Wr pul 
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ja-\\ lned only 12 months Both patients with adenocarcinoma of the bienst 
ucie fiee ot anj cyidenee ot leeuiicnce 21 and 45 months aftei lcmoral of the 
pulmonaij metastatic lesion 

The intenal between the icmo\al oi the piiman and metastatic tumors 
appealed to influence the chances for simnal, tliat is, the gieatci the internal, 
the hettei the suivnal Of the seventeen patients yyhose metastatic tumois yyeie 
lemoycd dunng an internal of 3 a ears or less following excision of the piiman 
giowth, nine (52 9 pel cent) lned 1 xeai oi moie following opeiation Of the 
twentj-tour patients whose metastatic tuinoi's weie lemoeed moie than 3 Jem's 
alter the piiman operation, twentj-one (S7 5 pei cent) lned 1 jeai oi moie 
following opeiation 

The pulmonarj lesections consisted of pneumonectomies, lobectomies, and 
local excisions and segmental resections Twehe patients weie tieated In pneu 
monectonn, and of these, one patient died in the hospital Of the lcmaming 
eleien patients, nine (SIS per cent) lned 1 Aeai oi more following opeiation 
Lobectonn was peifoimed 26 times One patient was untiaced Among the 
twenti-fhe traced patients, nineteen (76 0 pei cent) lned 1 jeai oi moie fol 
lowing operation Local excisions and segmental lesections weie earned out 
on the remaining fire patients (excluding the patient whose second pulmonaij 
resection consisted of local excision) Tlnee died within 12 months following 
tlioiacotoim, while the othei two weie without endence of lecuiience 21 and 
28 months later 

COMMENT 

The exact yalue of pulmonaij lescction for metastatic tuinoi's lemains dif 
ficult to assess soleh r on the basis of sunnal statistics The degiee of palliation 
affoided each of these patients likewise was not measurable Few of these pa¬ 
tients manifested trulj- disabling pulmonary sjmptoms Doubtless, pulmonarj 
lesection spared mam of them this dieaded terminal distress, while still others 
weie relieied of the constant reminder of the presence of a mabgnant lesion in 
the guise of a persistent cough, hemoptysis, or chest pain Criticism of the 
w oi th of the proceduie should alwavs be tempeied by awareness of these often 
oi eilooked benefits of removal of the secondary tumor 

Facing the clinician and the suigeon contemplating exploiaton thoracotonn 
in a patient who has preraously been tieated foi malignant disease is the ical 
possibiliti that the pulmonary lesion mai be totalli unrelated to the earliei 
disease Regardless of one's opinion of the inlue of resection of metastatic 
tumors, there exists this disquieting possibilitj should the decision be made 
against operation Further, the low mortalitv rate (2 pel cent) for the patients 
m this senes prondcs no suppoit for a\oidmg exploration 

The number of patients followed foi 3 and 5 a ears is Aet too small to utilize 
these traditional sunnal figures m discussion of this pioecdure The figuies of 
13 pci cent and 27 pei cent 11 spenti\eh, for 3 year and 5 -\enr smwnnl periods 
in this stiuh, while m tlicmsches icspectablc rabies, are consequently of limited 
sigmfu mice 

Ciitena for judging the nd\ isability of operation lcmain obscure Jn gen 
er.il the chances of “erne are slighth greater for patients with small lesions 
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that have been discovered more than 3 years following removal of the primary 
growth than foi other patients No great difference was found m the survival 
among patients with carcinoma and sarcoma Patients with melanoma, teratoma 
of the testis, and carcinoma of the rectum apparently received less benefit than 
certain others In contrast, the outlook was relatively fay 01 able for patients 
with squamous cell carcinoma of the skin and ceivix, adenocaicinoma of the 
colon, o\ aii, and breast, and hypernephroma A decision based solely on the 
pathologic nature of the parent tumor, however, is fraught with considerable 
hazard because of the occasional “cure” obtained even with highly lethal tumors 
Such a case is that of the patient with metastasis, secondary to a teratoma of 
the testis, who vas alive without recurrence 39 months aftei its removal 

The extent ot the pulmonary resection did not m itself appear to be a 
factor m the length of survival Conservative resections mav haie moie ap¬ 
plicability for metastatic tumors than foi broncluogeme carcinoma, since the 
former are less likeh to spread h\ lymphatic channels In addition, choice of 
the less disabling procedure finds further support in the fact that the value of 
pulmonary resection for metastatic disease Temaras unestabbshed 

The results of this study would appear to justify- the continuance of pul¬ 
monary resection for metastatic malignant lesions of the lungs The palliation 
offered is noteivorthv, and the prolongation of life is frequently gratifynng 
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EXFOLIATIVE CYTOLOGY AND PULMONARY CANCER 
A Histopathologic and Cytologic Correlation 

Harlan J Spjut, M D ,* Dorotha J Fier, B S, and 
Lauren V Ackeraian, MD 
St Louis, Mo 

T HE a alue of cytology as an aid in the diagnosis and perhaps earlier detec 
tion of pulmonari cancer has been ivell established The appearance, 
practical disappeaiance, and then reappeal ance of cytology as a diagnostic 
tool Avas hi ought out in the reviews of the history of cytology* 11 29 Numer¬ 
ous reports lune appeared in the literatuie in the last decade, pointing out the 
degree of success and failure of sputum and bronchial a\ aslnngs Success has 
varied Iversen 1 - 1 and Liebow and co-workers 19 lepoited less than 50 per cent 
positue cytologic examinations in histologically pioved lung cancers In the 
intermediate gioup, 61 to 74 per cent positive smears has been leported * 18 51 33 
More enthusiastic lepoits 6 23 29 show between SO to 90 per cent positive lesults 
It should be pointed out that O’Keefe 23 concerned himself entnely with hi on 
chial Avashmgs Awth 88 6 pei cent positive smears m 307 pioved pulmonary 
cancers 

That the examination of pulmonary secietions fox cancer cells is valuable 
is not doubted But, aa hat are the limitations of this piocedure? What in¬ 
formation other than the xepoit of positne, suspicious, or negatne is gained 
by cytologic examinations? Segments of these two questions haie been ex¬ 
amined by several Avnters The lelationship between cytology and histologic 
type of lesion and beti\een cytology and location of the lesion has been ex¬ 
plored® 15 19 20 21 25 2 " Corielation between lesectnbihty and cvtologx has 
been mentioned by difterent wu-itcrs 15 16 52 O'Keefe 23 makes an observation 
concerning cvtologv, bionehial biopsies, and cancer in pulmonary lymph 
nodes With a positne cAdologic report and a positne bionehial biopsi, the 
Ivmph nodes were positive in approximateh' 50 per cent of 21 cases A 
negatne bronchial biopsi and a positive cytologic examination melded tvo 
out of eighteen cases with positne lymph nodes 

aiaterial and method 

In an attempt to evaluate the two questions, iu haie studied 501 his 
tologically proved pulmonary cancers and their catologie examinations 
These cases Aierc admitted to Barnes Hospit i! between JuIa 1048, and April 
1, 1053 In e ich ease it least one sputum or bronchial secretion w as studied 
for neoplistic cells Thcie has been no selection of cases on the basis of an 
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optimum number of examinations Our method of collection of sputa, prep¬ 
aration of smears leview of slides and reporting of lesnlts has been previ- 
ousl\ outlined !6 

For tins studv all of the positive smears and the suspicious smears m 
eases -without a positive smear iveie renewed A representative smear from 
eases mth negatne cvtologv was reviewed This was done by one of ns 
(D T ) The histologic typing of the smears was done (by D F ) and checked 
(bv H J S) The tvping was done without knowledge of the pathologic 
diagnosis All of the histologic sections from each of the cases were reviewed 
bv two of us (H. J S and L T A) Our cases fell into the histologic cell 
tvpe and sex grouping as generallv reported in the literature 1 8 (Table I) 
We % aiw slighth with other writers 5 50 24 25 in that thev had a greater num¬ 
ber of undifferentiated carcinomas and fever sqnamons-cell carcinomas than 


T vp, ix I Histologic Type axd Sex Distribution- of Cases 


TTPE 

TOTAL 

MALE 

TTMATJI 

- 0 

PEP CENT 

XO 

PER CEXT 

XO 

1 PEP. CEXT 

Epidermoid carcinoma 

26« 

537 

252 

94.6 

17 

64 

Undifferentiated carcinoma 

143 

2S5 

136 

951 

7 

49 

Adenocarcinoma 

3C 

7.2 

22 

61.1 

14 

3S9 

Bronctuolnr carcinoma 

4 

OS 

2 

50 0 

0 

50 0 

Bronchial adenoma 

11 

22 

7 

63 6 

4 

36 4 

Metastatic cancer 

29 

5 S 

15 

51 7 

14 

4S3 

Others 

9 

IS 

7 

77 7 

2 

22 3 


dul ve One notable deviation in our group was the 38 9 per cent occurrence 
of prunarv adenocarcinoma of the lung m the female This figure is higher 
than usualli reported 

Among the 501 cases there were 318 bronchial biopsies, 95 other biopsies, 
lfJ3 pneumonectomies 35 lobectomies 126 thoracotomies for exploration, and 
33 autopsy examinations contributing to tissue confirmation of cancer In 
each of the cases at least one sputum or bronchial waslmig was studied foi 
cancer cells Thus there u ere 905 sputum examinations for 424 of the cases, 
and 364 bronchial uashmgs for 343 eases As would be expected, many eases 
had both tvpes of examination The total of cvtologic studies m this series 
uns 1 269 During the time period coiered m this paper, there -were 4 992 
sputa and bronchial nastungs examined m the Barnes Hospital Cytologv 
Laboraton Including the positiae smears used m this study there were 
4 1 positne sputa and bronchial v askings among the 4 992 specimens These 
u ere made up of 342 positn e sputa and 141 positn e bronchial washings The 
positne reports represent 9 6 per cent of all examinations (approxnnatelv 
«me m ten examinations) There have been no false-positives between Mav 
• >t amt the preparation of this manuscript Mav, 1954 

. , fT'oVo 01 ™ ° £ th ° CnSeS ,n this senes > as io l^eir cvtologic diagnosis 

On rn inw ofT’ 1 ' 0 ’ * " USPIC T 1S aml 205 nCgatne CTtologlc ^“inahons 
,7;" ° 11,0 stlsp,c,0 f nnd n^tne smears, 47 Mere changed to postfix e 
id 1_ neuatne smears changed to suspicious The cause for change m the 
d.amiosis of the smears uas the result of a combination of consenatism at 
tune 01 the original examination and was undoubtedly tempered bv the 
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knoA\ ledge on the part of the reviewei that the case had pioved to be cancer 
Including the changes, there aie 290, 28, and 183 cases with positive, sus 
picious, and negative otologic examinations, lespectivelv (Table II) Pei 
centagewise, 57 8 pei cent of the eases had a positne citologie lepoit, 9 7 
per cent suspicious, and 36 5 pei cent negatn e 

Table H Cytologic Diagnoses in 501 Cases of His tologic ally Proved Cafcinoala 


Cages cytologicaTty positive 243 

Cases cytologically suspicions 53 

On renew changed to positive 37 

On renew remained suspicious 10 

Cases cytologically negative 205 

On renew changed to suspicious 12 

On renew changed to positive 10 


Of the 318 bronchial biopsies, a diagnosis of cancel could not be made 
on 107 (33 7 per cent) A diagnosis of cancel was made on 211, oi 66 3 pei 
cent These two gioups weie divided into opeiable and inoperable cases 
Opeiable cases were consideied as those in which a pneumonectomy or 
lobectomy was pei formed It is leadilv apparent fiom study of Table III 
that inoperable cases yield a highei percentage of positive biopsies than do 
opeiable cases Only 28 0 pei cent of the opeiable cases had a positive bion- 
chial biopsy An earhei report on a smaller number of cases from our hos 
pital indicated 36 pei cent positive bronchial biopsies m resectable cases 
Appioximately 59 per cent of pneumonectomies and lobectomies leported bv 
Voolnei and McDonald 32 m 1949 had positive bronchial biopsies Our results 
for total positive biopsies compare closely with those of several other 
writers 5 3,1 2< 31 32 Their percentage of positiv e bronchial biopsies ranges 
from 63 pei cent to 76 per cent Below these figures aie those of Herbut and 
Cleif 12 (421 pei cent), O’Keefe, (33 8 pei cent), and Gibbon and associates, 0 
(24 per cent) 


Table m Biopsies and Their Relationship to Operability 



1 BRONCHIA! BIOPSIES | 

OTHFR BIOPSIES 


.Negative for enneer 
Operable 

Inoperable 

Positive for cancer 

Operable 

Inoperable 

107 (33 7%) 

47 (43 9%) 

GO (56 1%) 

211 (6G3%) 

59 (28 0%) 

151 (72 0%) 

IS (19 0%) 

4 (22 3%) 

14 (77 7%) 

77 (810%) 

3 ( 37%) 

74 (9G 3%) 


Total 

SIS 

95 



To obtain the 318 biopsies, 489 bronehoscopic examinations weie per¬ 
formed in 459 of the cases Fortv-two of the patients were not examined 
hionchoscopicallv No biopsv was taken in 171 of the lnonchoscopic ex¬ 
aminations All but 29 had bronchial washings The 171 were divided into 
groups “noimal bronehoscopic examination” and “dcfoinntv seen” (Table 
IV) The number of bionchial washings and sputa were tabulated under these 
headings The percentage of positive sputn and bronchial washings for this 
gioup was below that foi the entnc series, fiom 0 0 to 5 per cent for sputa 
and 4 to 15 per cent foi bronchial washings This was particularlv true when 
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compaxed with cytologic examinations accompanied by positive bronchial 
biopsies This would be expected when the tunioi was in reach With a 
normal bronchoscopic examination theie was a highei peicentage (27 8 per 
cent) of positive bionchial washings than with observable defoimity In the 
lattci gioup the peicentage of positive bronchial washings is 16 2 per cent 


Tvble IV Cvses With No Bpoxchtal Biopsy 



apin' v 

(TOTAL XCilEEE, LOT CASES) 

BPOXCHl VL WASHIXCS 
(TOTAL NUMBER = 1 PET CASE) 

1 

\TG\ 

tive 

[ StfSPI 

1 aous 

POST 

TTYE 

xo | 
srv.ci 1 

MEX 

TsEGA j 

TTYE 1 

1 

SUSPI 

ciors 

j KO 

POST SPEC! 

TTTE 1 ATEN 

X*o bronelioseopic 
examination 
(42 cn«e«/ 

G3 

3 

21 




42 

Normal bronchoscopic 
examination 
(127 cages') 

132 

18 

5S 

(27 8%) 

20 

70 

7 

27 23 

(27 S7r) 

Deformitv «een 
(44 ca'cs) 

00 

5 

17 

(22 07c) 

6 

2S 

3 

0 7 

(16 2%) 


Note OnU the percentage of positive cytologic diagnoses is computed It is based 
on tlio number of examinations in each of the three categories Sputum and bronchial wash 
ingg arc calculated separately 


Sputa wpie positive m 27 8 and 22 0 pei cent respectively If the bionchi 
appeared noimal to examination, the peicentage of positive sputa was com¬ 
parable to that of the entire group reviewed (501 cases) Sputa fiom those 
cases with no bronchoscopic examination were positive m 241 pei cent 
<1 Keefe was able to diagnose 30 6, or 94 cases, with entirely normal bioneho 
scopu findings In means of bionchial nspnate The number of aspnations pei 
• use is not given Although we anticipated a higher peicentage of positive 
Mtologn examinations than was obtained m the gioup of “dcfoiunties ” 
(ho was not the ease The defoiunties langed fiom hvperama to stenosis 
W< in nimble to explain this finding unless compiession of a lnonchus pio- 
l ,1<,tiu °nieiit of a satisfactoiv washing The fact that is important how- 
ner ts that mth no bronchial hopsij and a normal to near normal bronchial 
tra one out of four cijtoloqic examinations n ill b c positii c 

N.mtv five “other'* loops,os wcio obtained These included aspnntion 
x»PM s „f the lung vauous hmph nodes skm nodules etc Lvmph nodes 
n " ,st “wnmonh obtained specimen Divided m a manne, si,mini 

" ,n,) * ,s,fs * ««th «« came, diagnosis and 77 dm- 

-ms o < mur \ s would be expected the number of mope, able cases was 
hdmmg paitnularlv ,n those with positive biopsies (Table TIT) 

l’RF.Sl XTVTIOX OF D \T V 

Wr=^ 1 

<vtolm.\ mpuhiHinirv earner ' "" mnta,,ons of ^foliatnc 








94 


THE JOURNAL OF THORYCIO SURGERY 


Comparing the total numbci of bronchial washings and sputum ex¬ 
aminations, it was noted that the percentage diffeiences weie not gient 
Among the 364 bronchial washings theie were 59 3 per cent negative, 9 1 per 
cent suspicious, and 316 per cent positive exammations The 905 sputa 
yielded 62 5 per cent negative, 10 4 per cent suspicious, and 27 1 per cent 
positive examinations These figures give a shght advantage to bionchinl 
washings in the way of a diagnosis of positive Others 6 16 1D 32 have found 
the re\ eise to be true in their eases Tv o obsei vers 12 13 found bronchial wash¬ 
ings to be more leliable than sputum examinations The obvious advantage 
of sputum for cell study is its availability and its repeated availability This 
is particularly important considering the chscomioi t and apprehension as 
sociated with one and, moie than one, bionchoscopic examination Because 
of this and other factors an optimum number of specimens for a satisfactorj 
examination has been cited by numerous obsei ieis The figuies usual]!' range 
from 3 to 5 Plnlps 26 implies that five examinations would be optimum In 
his 30 cases diagnosed eytologicallv, all of the diagnoses weie made with flic 
and less sputum specimens Of 121 cases, Hjelt w diagnosed 112 with just two 
sputum samples It seems that the optimum nunibei of specimens vanes a gieat 
deal Oui cases have been divided into three gioups less than tluee speci¬ 
mens, three specimens, and more than thiee specimens These include sputa 
and bronchial secietions It is noted that with thiee, and moie than three 
studies, theie is a distinct increase in the peicentage of positive cases when 
compared to those with less than thiee examinations (Table V) This is pm 
ticulariy striking when there is no bronchial biopsy oi a negatne bionchinl 
biopsy In the presence of a positne bionchinl biopsv the peicentage differ 
ence of the groups is not gieat The nd\outage of at least thiee cytologic 
examinations per case is endent Oui cases me most numerous in the fiist 
gioup (less than thiee specimens) 


Table V Number of Specimens and Cytology 



NO BRONCHIAL BIOPSY 

NEGATIVE 

BRON CHTAL BIOPSY 

POSITIVE 

BRONCHIAL BIOPSY 

CASES AXD PEP CENT 

CASES AND PER CENT 

CASES AND PER CENT 

\EGA 

tive 

| SUSPI 
CIOUS 

POSI | 
TIVE | 

NEC A 
TIVE 

SUSPI 

CIOUS 

POSI 

1 TIVE 

NEG V | 
' TIVE 1 

SUSPI I 
CIOUS 1 

POSI 

TIVE 

Le«s than 3 

71 

5 

39 

1C 

9 

1G 

39 

12 

61 

8pecimens/casc 

<31 5% 

4.4% 

33 0% 

39 0% 

22 0% 

39 0% 

34 S% 

10 7% 

54 5% 

3 8pecxmens/ca<=e 

23 

5 

24 

5 

G 

10 

1G 

3 

40 


44 2% 

9 7% 

4(31% 

23 S% 

28 0% 

47 G% 

27 0% 

5 3% 

07 7% 

Wore than 3 

17 

4 

22 

S 

O 

13 

10 

0 

IS 

specimens/casc 

39 5% 

9 3% 

51 2% 


12 5% 

54 2% 

29 4% 

17 7% 

52 9% 


Note The percentage is cniculatcd for encli separate entegon The diagnoses chnngcd 
iu the renew for this studx are not included in this table 


SITE XND SIZF OF THE LESION 

The relationship between the otologc and the lung nnohed showed 
no startling differences except in bronchial washings fioni the light lung, in 
which 77, or 34 6 per cent weie positne Fioni the left lung there weie 13S 
bronchial washings with 3S (27 5 per cent) positne As to sputum studies, 
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362 specimens weie from patients with cancel of the left lung and o3o from 
patients with cancer of the light lung Theie were 103 (23 7 per cent) posits e 
from the left lung and 139 (26 0 per cent) from the right lung These 
figures were denied from 498 cases, as the location of the lesion could not be 
accurately determined in three cases In an effort to determine which lobe 
yields the most and the least number of positive examinations we used all 
means aiailable operate e, autopsy, bronchoscopy, and x-ray repoits to locate 
the lesion as to lobe involved hlani bronchus neoplasms and hilar lesions 
nere assigned to the upper lobes Among our 498 cases, we had 1G8 light 
upper lobe, 136 left upper lobe 18 right middle lobe, 95 right low ei lobe and 
59 left lower lobe lesions The remaining 22 w ere multiple lesions and could 
not be assigned to a specific lobe The distribution of lesions bv lobes com¬ 
pares closely to that in the large senes of lung cancers reported by Aufses - 
Cytologic examinations broken down by lobes showed the following interest¬ 
ing obsenations Except for the left upper and nght middle lobes, the bion- 
chial v, askings yielded a significantly highei percentage of positive results 
Cor example in the left lower lobe theie were 26 (218 pei cent) positne 
sputa as against 15 (40 5 pei cent) positive bronchial washings In the tw o 
excepted lobes the positne sputa exceeded positne bronchial washings The 
left upper lobe ga'e the highest percentage of positive sputa (31 6 per cent) 
and the left low er lobe the low est (218 peT cent) The right lower lobe con¬ 
tributed the highest percentage of positive bronchial washings (40 8 per cent) 
and the left upper the low est (23 4 per cent) In other w ords the two upper 
lobes produced the highest percentage of positne sputa and the lower lobes 
the highest peiceutage of positne bronchial washings Peihaps the better 
drainage of the upper lobes explains tbe success of sputa m these lobes The 
more suitable anatomy of tbe lower lobes for aspiration possibly accounts for 
the greater number of positne bronchial washings from these lobes 

To pinpoint further the relationship between cytologic studies and loca¬ 
tion of the lesions the specific site was determined as accuratelx as possible 
Onh pneumonectomies, lobectomies oi autopsied cases were used In many 
instances descriptions were cague which probably accounts for our small 
number of mam bronchus lesions Tw o hundred tw entv-six cases were in¬ 
cluded in this portion of the study As had been stated bronchial washings 
'u bled a shghtlx higher or nearlx equivalent, peicentage of positive diag¬ 
noses than did sputa This is true with one exception This exception is in 
sumle and multiple peripheral lesions without demonstrable connection with 
hroni hi Tn thirteen peripheral lesions of the right lung there were no positn c 
bronchial washings nml 20S per cent positne sputa studies The fourteen 
peripheral lesions of the left lung showed 2 (28 6 per cent) positne bronchial 
" whines and 4 (53 3 per cent) positne sputa The number of examinations 
m emh of the bums is few lloweier, it is gratifying to note that lesions of 
summit il hnmiln uul of penpherd tieas do yield a rospietable percentage 
positni I't.dogn di icitos. s H ibh VI) Othei writers’'* =* ]m e demon- 
Mriud mu 11 ss in diluting peripheral lesions In citologic means Then 
numb, r of ns (s ,s sm ill F uhor and associates examined sputa and bronchial 
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Table VI Cytology and Specific Site of Lesion 


SPECIFIC SITE OF 
LESION 

CASES 

NUMBER OF SPUTA 
SPECIMENS 

NUMBER OF BRONCHIAL 

•washings 

! NEGATIVE 

SUSPICIOUS 

POSITIVE j 

NEGATIVE | 

SUSPICIOUS 

POSITIVE 

Left mam bronchus 

7 

9 

0 

7 

0 

0 

4 

Left major bronchi 


56 2% 


47 S% 



100%, 

30 

32 

5 

19 

8 

0 

8 

Left segmental bronchi 


57 0% 

91% 

33 9%, 

50 0% 


50 0% 

57 

61 

8 

29 

26 

3 

11 



62 1% 

9 3% 

2S 6% 

65 0%, 

7 5% 

27 5% 

Left peripheral lesions 

14 

23 

3 

4 

5 

0 

2 

Right main bronchus 


76 6% 

101% 

13 3% 

714%, 


28 6% 

O 

0 

3 

4 

2 

0 

2 




42 S% 

57 2% 

50 0% 


50 0% 

Right major bronchi 

40 

S6 

6 

21 

20 

2 

12 



75 4% 

5 4% 

19 2% 

5S S% 

5 0%, 

35 3% 

Right segmental bronchi 

53 

57 

6 

31 

22 

3 

13 



60 6% 

6 5% 

32 9% 

57 8% 

S0% 

34 2% 

Right peripheral lesions 

13 

18 

1 

5 

13 

9 

0 



75 0%; 

4.2% 

20 S%, 

SO 6%, 

13 4% 



Ivote Tlie percentage uas computed from the number of specimens for each separate 
entegon and separatelj for sputum and bronchial washings 


washings fioni 60 penpheinl lesions Theie weie 4 positive bionchial wash 
ings and 32 positive sputa Jennings and Shaw 1 ' lepoited 42 peripheral 
tumors of winch 27 (64 3 pei cent) had positne sputa The success of the 
pioceduie as an aid in the diagnosis of penpheial and segmental lesions is 
evident 

The cvtologie studies as i elated to the size of the lesion pioved to be m 
teiesting The size was measuied in 191 of oui cases Lesions measuring 
up to 2 cm in din met oi those fiom 4 to 7 cm m diametci, and multiple lesions 
Melded fanh low peieentages of positne cvtologie studies The percentage 
of positnes ranged between 10 and 25 pei cent Those lesions which measuied 
2 to 3 cm and ovei 7 cm showed a definite peicentage niciease of positne 
studies In the 2 to 3 cm gioup theic weie 31 5 pei cent positne sputa and 
30 7 pei cent positne bionchial washings In the lesions ovei 7 cm , 35 8 per 
cent had positive sputa and 37 5 pei cent had positne bionchial washings It 
appeals that small lesions (2 cm and less) middle-sized lesions and multiple 
lesions do not leadilv gne up then neoplastic cells In then anahsis of fac 
tors lesponsible foi cvtologic failuies, Bufimire and McDonald 4 did not men 
tion the size of the lesion The significance of these findings is not readilv 
apparent We suspect that the\ mean nothing Ilowevei, it is possible to 
state that small lesions less than 2 cm , do yield neoplastic cells even though 
the peicentage is small Thus, the examination mav be said to be of some 
aid in defining the natme of small pulmonarv lesions Experiments bv Appel 
and Bronk 1 suppoit these obseivations Thev transplanted tumoi 1o bioncln 
of rabbits md made frequent pi i iodic smiais of (he bioncln In seven teen 
(58 pei cent) of then animals tumoi was ieiogni/(d in the smeai befoie )1 
was evident giosslv oi bv x lav 

Fiom our resections and autopsies, 134 cases were found to have positive 
regional Iv mph nodes Ninctv fom cases had negative nodes With positive 
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nodes bionchial washings Yielded 35 (36 8 per cent) positive smears and noth 
ncgntii c nodes 16 (24 6 pei cent) positive smears The percentage of positu e 
sputa was neaili equal GS (27 0 pei cent) with positive nodes, and o4 (30 3 
per cent) with negatne nodes This is an ohsenation the significance oi 
winch is not apparent 

Cvtologic examinations m the 163 pneumonectomy cases totaled 30 1 
sputa and 120 bronchial washings Divided among the lobes, the bronchial 
washings were generallv more rewarding m percentage of positive results 
than were sputa The one exception w as again noted to be m the left uppei 
lobe The right lower and left upper lobes showed the highest percentage of 
positne sputa, 33 3 per cent and 31 6 per cent, respectively The lower lobes 
gaie the highest percentage of positne bronchial washings, 39 1 pei cent fiom 
the right lobe and 58 8 per cent from the left lobe Thnti-five lobectomy eases 
produced 67 sputa and 26 bronchial washings The numbers are few but 
show that sputa were more fiequentlv positive m cases of cancel of the right 
lung The numbei of positne bronchial washings and sputa was neailv 
equal in left lung lesions In the 126 cases in which onlv an exploratory 
thorncotomi was done 236 sputa and 92 bronchial washings were obtained 
Bronchial washings showed a higher percentage of positive results in each 
lobe except the left upper, where theie were 26 per cent positive sputa and 
12 5 per cent positive bronchial washings The cvtologic examinations from 
the autopsied cases weie so few as to make the results meaningless The 
results especially from the pneumonectomies, w'ere similar to those m a pre¬ 
ceding paragraph Lobectomy and explored cases deyiated slightly AYe are 
unable to add am further explanation for these obseirations other than that, 
mentioned 


Om number and grouping of bionchial biopsies have been mentioned on 
preceding pages Ci tologic studies associated with bronchial biopsies were 
interesting but fall into an expected pattern Theie avas a high peicentage 
of positn e bronchial w ashmgs (42 9 per cent) w ith positive bronchial biopsies 
This result could well be altered In tlie technique ot washing that is the 
ugor of the washing or whether it was done befoie or after the lnopsv If 
done after it is coiicen able that dislodged tumor cells mat help make the 
mtologic examination successful On the other hand blood mav obscuie or 
dilute tumor cells so as to make their detection more difficult Heibnt 10 feels 
the imoimt of saline used is important, the lctnm should he stickv He 
found that with watery washings the results are umfoimly poor AYith a 
positne bronchial biopsy sputa wore positne 29 5 per cent of the time in our 
uses AYith a negatne bronchial biopsy or no bronchial biopsy-, the pei- 
ceiitig. of positne sputa and bionchial washings was similar ranging be 
tweet, 22 G per cent and 2G 1 pei cent (Table AID Thus it would appeal 
! ' " ns 1 pulmonary canui becomes mailable to the biopsv forceps the num¬ 
ber of positne smears increases nolabli as would be expected This is mar- 
tic ut \rk true of bronchial yyasbmss 

With regard to opcrtlubty ,nd inoperability the following obseuations 
r< mn<1, ° m humlrf '* 1 "*rht (39 5 per cent) eases were counted as 
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Table VIT Cytology and Bponchial Biopsy 



SPECI 

MENS 


NO 

BRONCHIAL BIOPSY 

NEGATIVE 
BRONCHIAL BIOPSY 

positive 

BRONCHIAL BIOPSY 


SPECIMENS | 

cases 

specimens 

CASES 

SPECIMENS 

Negative BW" 

216 

(59 3%) 

98 


40 

43 (62 3%) 

62 


Suspicious BW 

33 

( 9 1%) 

ai« 


8 

8 (11 6%) 

15 


Positive BW 

115 

(31 6%) 

33 

33 (22 6%) 

18 

18 (261%) 

62 

64 (42 9%) 

No BW 

158 



72 


19 


67 

Negative sputa 

560 

(62 5%) 

128 

250 (67 4%) 

55 

99 (63 0%) 

114 

217 (57 5%) 

‘Suspicious sputa 

94 

(10 4%) 

22 

26 ( 7 0%) 

19 

21 (13 5%) 

44 

47 (13 0%) 

Positne sputa 

245 

(271%) 

08 

95 (25 G%) 

26 

37 (23 5%) 

83 

113 (20 5%) 

No sputa 

77 



37 


12 


2S 


*BA\ rr Bronchial washing 


operable and 303 as inoperable Gibbon 8 had 39 per cent resectable cases 
out of 484 pulmonarj cancers, and Aufses 2 reported 17 pei cent in o\ei 900 
pulmonary cancers A small numbei of lobectomies and segmental resections 
were done for metastatic lesions in our senes In our group 110 (56 1 pei 
cent) operable cases had positive cytology Of the inoperable cases 179 (59 0 
pei cent) had positive cytologic examinations With a positive biopsi as an 
added factor the results were very different In our 252 cases in this gioup 
71 5 pei cent vote inoperable, and 22 3 pei cent operable These patients had 
a positive biopsj and a negative, suspicious, oi positive cytology When a 
negative biopsj was obtained or no biopsj taken, the percentage of opeiablc 
cases is notablv better A positne eytologv m the latter tv o gioups does not 
influence the opeialnlity (Table VIII) It v on Id appear fiom these observa¬ 
tions that a positne cjtologic examination does not influence the chance that 
a given case oi group of cases i\ ill be opeiable or inoperable to the extent 
that a positne biopsy does A positive biopsv, as far as oui figures are con 
eemed, means there is a 3 to 1 chance the case is inoperable 

The biopsies in the opeiable cases vere all bronchial except six Onlv 
one of the six uas positive, an aspiration biopsv of the lung Cytology is of 
no help to the clinician m the group of operable eases with positne biopsies, 



Table VIII 

Opetable and Inoper \ble Cases 




; OPERABLE ( 

inoperable 

CYTOLOGY 

BIOPS\ 

CASES 

i PER CEN T 

CASES 1 PFr CENT 

Positive 

Positive 

39 

14 5 

123 

45 8 

Suspicious 

Positive 

0 


2 


Nogatne 

Positive 

21 

7 8 

67 


Total 


60 

22 3 

192 

71 5 

Positive 

Negative 

27 

35 5 

21 

27 6 

Suspicious 

Negative 

1 

1 4 

2 

2 8 

Negative 

Negative 

13 

171 

12 

15 0 

Total 


41 

54 0 

35 

46 0 

Positne 

Xo biopsv 

43 

27 3 

30 

19 1 

‘suspicious 

Xo biopsv 

3 

1 8 

1 

0 G 

Negntne 

Xo biopsv 

39 

24 S 

32 

20 4 

Total 


S5 

53 9 

63 

40 1 


Xote In the total of opernble and inoperable cases, there are 12 palliative re«ections 
(for metastases) and 33 cases who refused operation or were considered poor rishs Their 
totals were u»ed m computing the percentages but arc not shotvn on the chart 
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it is onh interesting The cases in which the cvtologv is of greatest help are 
in those patients with positive cytology and either a negative or no bronchial 
biopsy Fiftv-mne cases fall into this gronp These cases do not include those 
changed fiom negative or suspicions to positive when this study was under¬ 
taken (Table IX) In these cases, the cytology represented the sole positive 
tissue diagnosis prior to operation The degree of trust placed in the cyto¬ 
logic diagnosis was indicated by the small number of frozen sections asked 
for by the thoracic surgeons But 13 frozen sections were requested to con¬ 
firm the diagnosis in our 59 cases TVe feel that with a positive cytologic diag¬ 
nosis the surgeon should go ahead with the resection without use of frozen 
section By doing so, tumor tissue is not incised and thereby exposed to the 
pleura and other tissues The possibility of implantation of cancer cells is 
minimized 


Table IX. Cvtology and Biopsy is Operable Cases 




| \ eg.vttve or suspicious 

1 

! ros TITO CYTOLOG\ 

CVTOLOGV 

Po^itne bronchial biopsi 

A5 (17 7%) 

25 (12 6%) 

Negatue bronchial biopsv 

is ( 9 1%) 

20 (101%) 

No bronchial biopsv 

41 (20 3%) 

59 (30 2%) 


Note The percentage 5 are compute! for the entire group The cvtologv is reported 
as a ca c e 


Thus, of the operable cases 29 S per cent fell into the group in which a 
definitive diagnosis of cancer was made by the cvtologie smear Many other 
unters have had similar cases in their series "Watson and associates 30 re¬ 
ported 7 of 26 pulmonary resections, and Jennings and Shaw 1 ' 64, done on the 
basis ot cvtology alone W oolner and McDonald 33 liad 23 such patients m their 
group M andall s- 5 100 cases included 12 operated on with onlv a positive 
cvtologie diagnosis Of our 59 cases, 48 were resections with the cytology 
vs the onlv positiv e preoperativ e tissue diagnosis, as onlv 13 frozen sections 
were requested, and 2 of these were reported as showing chronic inflamma¬ 
tion Resection was done m these two eases It is in this group of patients 
that cvtologv is most helpful and represents the area m which ev ery effort 
should be made to improve the accuracy of diagnosis 


TYPING OF SMEARS 

A facet of pulmonarv exfoliative cvtologv recently explored by Foot 5 is an 
interesting one namely, the study of cvtologie typing of the positive smears 
In lus review of 341 cases the over all accuracy of typing is SO per cent The 
•wcurncv varied with the histologic type His epidmmoid carcinomas were 
accunteh tvped m 89 9 p C r cent of instances, whereas pleomorphic car 

mldTalTo? T SCd in 69 2 PCr Cent of thc cases 0f 2 bronchial Adenomas 
, , .. r ° 1r cc carcinomas, none w as eorrectlv typed from the smears 

' r UKntu,ns tlnt 111 5us 14 eases "ith positive cytology a correct his 
1 ‘logic tv pmg was made m eleven lie states further, that in even instance n!' 
« crnioid carcinoma ami pleomorphic carcinoma were recognized P " 
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In this study, cancer of the lung has been divided into seven groups 
epidermoid carcinoma, undifferentiated carcinoma, adenocarcinoma, adenocar¬ 
cinoma grade I (so-called bronchial adenoma), bronchiolar carcinoma, meta¬ 
static carcinoma, and others The large-cell and small-cell carcinomas are in¬ 
cluded in our undifferentiated carcinomas Included m om “other” tumors 
is one lymphosarcoma, a carcinosarcoma, and neoplasms which we were un 
able to classify With these as our histologic groups we attempted to deter¬ 
mine the types of our 290 cases with positive smears 

No appreciable diffeience in deteranmng the histologic type was en¬ 
countered between sputa and bronchial smears Om catena for typing the 
smear were sinulai to those of Foot and the Vincent Memonal Hospital 
group 2S Because of the difficulty in distinguishing poorlv differentiated 
epidermoid carcinomas and undifferentiated carcinomas, even histologically, a 
slight modification was made in our tabulations If a cancer were found to he 
a poorly differentiated epidermoid caremoma, histologically, and typed as un¬ 
differentiated, it was not counted as an error The rei erse of this was not 
used in tabulation 

Generallv our typing (Table X) was as successful as Foot's and that of 
Memonal Hospital group used by Foot for companson We have an over-all 
accuracy of 79 3 per cent as deteimined from 230 collect and 60 incorrect 
One case was not typed because of loss of the slides, but was counted as in¬ 
correct 

Table X Results or Cytologic Typing 

( CYTOLOOIC Trre AS PETERMINT3) ITiOM THE S11EAB ( CASES') 


niSTOLOOIC TYPF 

EPIDEP 

MOLD CAP 
CINOMA 

UNDIFFER 

EXTIATED 

C VRCINOMA 

ADEN 0 
CAR 

CINOMA 

ALVEOLAR 
CELL C YR 
CINOMA 

| negative 

AND 

SUSPICIOUS 

1 CYTOLOGY 

TYPING 

AC 

CURACY 

1 \\ ell differentiated 

epidermoid carcinoma 

97 

ii 

2 

0 

30 

S9 2% 

2 Poorly differentiated 
epidermoid carcinoma 

37 

’i 

7 

0 

54 


3 Tjndifferenhated car 
cinoma 

13 

48 

o 

n 

SO 

70 297 

-1 Adenocarcinoma (includes 
metastatic adenocar 
cinoma) 

4 

1° 

ii 

0 

32 

39 397 

1 Bronchial adenoma 

1 

1 

i 

0 

8 

33 397 

0 Bronchiolar carcinoma 

0 

0 

0 

o 

o 

10097 

7 Others 

1 

3 

0 

6 

5 

0 097 

S Metastatic carcinoma (e\ 
cent adenocarcinoma) 

3 

0 

0 

0 

o 

10097 


Note Over all typing accuracy a as 79 3 per cent 


One hundred eightr-fi\e cases of epidermoid carcinoma had positive 
smears One hundred sixtv-fiie were correcth typed for a percentage of 
S9 2 per cent This compares with New York Hospital's 87 7 per cent Our 
errors m this group u ere greatest in calling well differentiated epidermoid 
caicinoma, undifferentiated Nine vere typed as adenocarcinoma The un¬ 
differentiated carcinomas u ere typed accuratelv in 76 2 per cent of cases 
Adenocarcinomas vere tvped correctly in 39 3 per cent of the cases In¬ 
cluded m adenocarcinomas are the bronchial adenomas and metastatic adeno¬ 
carcinomas Nine of our cases of metastatic carcinoma had positive cytologic 
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examinations Host of the errors were in tvpmg adenocarcinomas as epider¬ 
moid carcinomas He were unable to differentiate pnmarv and metastatic 
adenocarcinomas Three metastatic epidermoid carcinomas were typed cor- 
rectlr Of our 11 bronchial adenomas 3 had positive smears One was trped 
as undifferentiated carcinoma one epidermoid and one adenocarcinoma The 
latter xvas considered correct because of our feeling that bronchial adenomas 
are adenocarcinomas grade I To illustrate further the difficultv of trpmg 
bronchial adenomas Foot tvped 2 in his series as anaplastic carcinomas 
Tiro broncluolar carcinomas of 4 in our group had positive smears Both 
were trped correctlv 

He feel that most of our errors mar be explained br the raganes of 
pulnionarv cancers as far as then histologr is concerned Several of our 
cases show a combination of structure e g epidermoid carcinoma with areas 
of adenocarcinoma A few of the epidermoid carcinomas had areas which 
could readilv be mistaken for a renal-cell carcinoma Undifferentiated or 
poorlv differentiated epidermoid carcmomas with large vacuolated cells could 
he confused with adenocarcinomas as far as the smear is concerned. It is 
difficult to explain the poor showing with adenocarcinomas Several his- 
tologicallv were composed of cells with dense acidophilic, rather than vacn- 
ohted cvtoplasm or were not well differentiated (Figs 1 through 8) 

Tvpmg of smears mnv give the surgeon valuable preoperative informa¬ 
tion The difference in prognosis between epidermoid and undifferentiated 
carcinoma is well known This information and the implications as to resec- 
talnhtA mav be provided bv the smear Support for this is given bv Borne 3 
In a review of 200 resected pulmonary cancers he observed that 42 5 per cent 
of epidermoid carcinomas and 70 per cent of undifferentiated carcmomas had 
lvmph node metastases In cases of bronchiolar carcinoma tvpmg of smears 
gncs information important to surgical treatment of the disease It mav aid 
m the decision as to lobectomv or pneumonectomv To support this Kirklm 
and HcDonald 1 ' reported finding malignant cells m the sputa and bronchial 
washings of 9 out of 14 alveolar-cell tumors of the lung Only one was diag¬ 
nosed bv biopsy Tvpmg of smears mav well have its place on the report to 
(he clinician 


nuRvnox of symptoms 

\s a last bit of information which came to light m our study we haic 
the relationship between the duration of svmptoms and the evtologic examina¬ 
tions To date the duration of symptoms we used the first complaint which 
seemed related to the illness that was made b\ the patient He realne that 
the date oi onset wall inn with the manner in which and the persistence with 
vlueh questions are asked of the patient Hith that m mind we have made 
the following obsenations There were two peaks for bronchial washums 
Mul one for sputa, i e peaks for a high percentage of positive smears The 
, for bronchial washings came at 3 months The second which is also the 
peak for sputa came m the G to 11 months period In this latter time period 
the sputa were posit ne in 34 7 per cent of examinations and bronchial wash 
“ ■»"’ ! >fT '«■< fr .he pe»h, mcnt ,„„od the pcrcenulc 



X' ifa J. 


FI g 2 



Fig 3 Fig -1 

Fig 1 —Sputum wns cj tologicall} t> ped as adenocarcinoma because of \acuolatlon and 
was found to be histological!} undifferentiated carcinoma (XGOO) 

Fig 2—Tissue section is illu*tratl\e of an area in which the cells are similar to those In 
the sputum (X600) 

Fig 3—Sputum was c> tologicall} Uped as adenocarcinoma because of apparent c>to 
plasmlc \acuolntlon and was found to be histological!} epidermoid carcinoma (XCOO) 

Fig 4 —Demonstrates an area of \ncuolated cells In the tissue section which if exfoliated 
could be confused with adenocarcinoma (XCOO ) 

The Illustrations of the tissue sections were taken at the same magnification as the 
smears to show cell detail and not histologic pattern in the case of the tissues 


Fig 5 


Fig- 6 



Hr “ Fig 8 

Hk —lh nnm'tr il« h nn alveolar-cell carcinoma which was accuratel} trped cytologi- 

~\U\ <^t00) 

V iv f—V rum tv tl “Uv *ectIon Illustrating the Mmltnrit} of the cells to tho*e In Fig 5 

Ilk' " nml 8—Tin e two >ect\on* are sputum and tl^ue* ro'pecthel* This Is nn 
"ft* irut 1\ t' 1 n l\ n Mnrrinomn primary In the lung (X*> n 0 ) 

Tl llltistmtlrns < f thr tlr'ue er-tions were taken nt the same magnification n* the 
Mne**rn tn r\\i ell <1 tall nn 1 not hl*toloclc pattern In the case of the tl*«ues 
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positne sin cm i s lemams lea el m both sjmta and bionchial w askings The most 
notable dip is to 20 7 pei cent positne sputum examinations aahen the symp¬ 
toms aeeie piesent for one aeai oi longei Fiom these obseia ations, it might 
be stated that with manifest sc mptoms of shoit duration, up to 3 months, 
cvtologie examinations are a distinct aid in diagnosis Why there should be 
a diffei ence in yield of positive examinations at diffei ent time periods e\ e 
cannot say 


DISCUSSION' 

Oui oeei-all success m positne ca^ologac diagnosis is 57 8 per cent This 
is ■without eoriection foi the so-called optimum numbei of examinations If 
this collection is made, the numbei of cases with positive smears may po¬ 
tentially be as high as 85 to 90 per cent" 16 25 Our peicentage for the 
optimum numbei of examinations is 76 6 per cent The peicentage was de 
ined hi eliminating cases with less than thiee cytologic examinations This 
figure or ei en those w ithout eoi i eetion, plus the fact that the numbei of 
false-positiie examinations is almost at an nieducible miniumum, series to 
emphasize the lalue and leliabihte of cytology as an indispensable aid in the 
■workup of patients suspected of pulmonaiv cancer Reeentla McDonald 21 
stated that m 1,500 positne reports at the Maao Clinic theie weie 24 false 
positne leports, or 1 6 pei ceut At Baines Hospital, ns previously stated, 
there haie been no false positne leports dining the past thiee years A1 
though the peicentage of false positnes is low the fact lemams that it is the 
case which is unpoitnnt Been one or two false-positives are too many when 
n needless pneumonectomy may haie lesulted because of the erroneous evto 
logic repoit As a further step, it is suggested that cytologic examinations be 
used in the follow up of patients eeath pulmonaie resection This would be 
of particular importance in bioncluolar carcinomas, with their known multiple 
foci This phase of cidologa has not been extensn eh exploi ed In us, although 
cases of cancel persistent at the bionchial stump haie been detected One 
ease of rceiurent broncluolai eaicraoma has been diagnosed In follow up 
cvtologv 

Bionchial washings thiougliout our stiuh, with eeitain exceptions, weie 
lonsistenth more pioductne of positne results than were sputa Moie than 
twice as many sputa were examined This may account foi the slighth low ei 
percentage of positne smears But the large numbeis of both should be a 
point against the bionchial washings being superioi to sputum examinations 
only on the basis of numbers The consistence with which bronchial washings 
lemain superior to sputum examinations when coirelated with the site of the 
lesion, size, and duration would make it appear that for this senes at least 1 lie 
observation seems aalid Both haie their adenntages, howeeer Sputum is 
readily Readable, lepeatedh Readable and liiexpensne to procure Bronchial 
eeaslungs haee the adeantage of being a moie selectne specimen as far as lo 
cation ol the lesion in the lung is concerned Thee - eliminate desquamated cells 
from other parts of the rcspiratori tract and mouth In addition, bronchial 
eeashiugs arc important in cases picsenting eeitli a nonproductie c cough 
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From the outset it was the purpose of tins study to define the Nation* 
of cvtologv m pulmonary cancer and perhaps to mm ease the information 
gamed therefrom Cytology is obuiously of little a alue m the localiza i n 
a cancer m the respiratory system In our review m xegaid to thm point the 
right lung lesion gave a higher percentage of positiv e results than did the 1 i 
Tins was true of bronchial washings and sputum examinations Both lowei 
lobes yielded a fairly high percentage of positive bionchial washings com¬ 
pared to the othei lobes The sputa, on the other hand, were reasonably 
e\ enlv distributed among the lobes In oui experience cytologic findings aie 
of no aid in localizing a lesion to a specific poition of a lobe The only peiti- 
nent observation to be made is that the peripheral lesions arising m bionchioles 
gi\ e a low percentage of positiv e sputa and bronchial washings 

The size of the lesion, when coirelated to the cytologic findings, showed 
the large tumors (aboi e 7 cm ) and tumors 2 to 3 cm give a significantly 
higher percentage of positive repoits than did other lesions With laige le¬ 
sions, this may be explained on erosion into multiple bronchi and bronchioles, 
thus gicatlv increasing the surface of tumor from which cells exfoliate On 
the other hand, many laige tumors display extensive necrosis With large 
amounts of necrotic material in the secretions, results were supposedly poorer 1C 
We have no explanation for the results obtained in the small neoplasms 

With erosion of the tumor or mv asion of a bronchial wall as seen gi ossly 
or mici oseopicallv more positive results occurred In our 172 cases m which 
erosion or invasion was demonstrated 95 (29 5 per cent) of the sputa and 
45 (3G3 per cent) of the bronchial washings were positive Without erosion 
or invasion (56 cases) there were 27 ( 24 3 per cent) positive sputa and 6 (15 0 
per cent) positive luonchial washings These results are what one would ex¬ 
pect The number of tumors with erosion or invasion could undoubtedly be 
altered bv taking more than the three sections of the tumor as we routinely 
do m our lnhoratorv Positive regional lvmph nodes are associated with a 


higher peicontage of positive cvtologic (bronchial washings) lesults The 
large ninjoutv of the nodes weie dissected from surgically resected specimens 
Tins latter finding suggested, ev en though w enklv, that a positive bronchial 
washing nnv be a sign of poor prognosis Intelestmglv enough, the duration 
of symptoms caused no great variation m the cvtologic results Notable is 
the low percentage of positive sputa in cases with svmptoms of long duration 
lias mnv lie a reflection of the slow piogiession of the tumor oi that the le¬ 
sion is more pcnphci il Ev en w ith sv mptoms of short time span, a significant 
number of positive sputa and bionclunl washings were obtained This observa¬ 
tion senes to emphasize the value of a cvtologic examination in the face of 
unexplained respirntorv svmptoms even of short duration 


V comparison of opernlnlitv versus moperabihtv is detailed in the body o 
this paper ( umpiring lobectomies and pneumonectomies to cases onlv ex 
plored wc found the percentage of positive sputa and bronchial washings t( 

' "T 1 ! >» »“■ Tin, not „ D ,put e d „„ „ JTLs 

it Mints ire Mi.nl ir t„ Unite report'd In IVnmlnll » Ternimm ami Shu,' 

ot, md.™,,,. „,| s , hc „„ fo „ m , 

1 ' ' C ° r ca '" >»<! -II l«r cent posrtno c,’olog( ", 
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inoperable cases as against 42 per cent m resectable cases From our study it 
would seem that a positne biopsy m a given case means a greatly lessened 
chance for operability A positive or negative cvtology report does not seem 
to alter the chance of operability greatly This is home out by the number 
of cases with negative sputum and either a negative biopsy or no biopsy In 
the operable group there were 52 such cases and 44 m the inoperable It ap 
pears that cytology m pulmonary cancer is of little or no piognostic value 

SUMMARY 

1 Five hundred and one histologically conthmed cases of pulmonary 
cancer and then cytology weie reviewed 

2 For tissue continuation there were 318 bionchial biopsies, 95 othei 
biopsies, 163 pneumonectomies, 35 lobectomies, 126 exploratory thoi acotomies, 
and 35 autopsies 

3 Twehe hundred sixty-nine cytologic smeais weie studied, including 
905 sputa and 364 bronchial washmgs 

4 Thirty-one and six-tenths per cent of the bronchial washmgs weie posi¬ 
tn e, and 27 1 per cent of the sputa w ere positn e 

5 On a ease basis the over-all percentage of positive repoits was 57 8 
pei cent and with an optimum number (3 oi more) specimens, 76 6 per cent 

6 The optimum number of sputa and bronchial washings foi study was 
found to be three 

7 Of the 318 bronchial biopsies 211 or 66 3 per cent were positive Only 
28 pei cent of the positn e biopsies w eie in the operable cases 

8 The lower lobes yielded the highest percentage of positne smears 
(bronchial washings) The highest percentage of positive sputa was obtained 
from the left upper lobe 

9 Cytologic examinations aie of value m the diagnosis of penpheral pul¬ 
monary cancers 

10 Lesions 2 to 3 cm in diametei and those largei than 7 cm pioduced 
the highest percentage of positn e smears 

11 Cases with positne hilar and bronchopulmonary nodes yielded a 
higher percentage of positive bronchial washings than did those with negative 
nodes Sputum examinations remained much the same for the two groups 

12 Positn e smears w ere obtamed m 56 1 per cent of the operable cases 
and 59 per cent of the inoperable cases 

13 With a positn e luopsv, the number of operable cases decreases notabh 

14 In 59 of our operable cases, the cytology' was the onh positive tissue 
examination prior to operation Thirteen frozen sections (with eleven posi 
tne) were asked for m these cases Thus, 48 of our cases were resected with 
ca tologv as the sole tissue diagnosis 

15 Tvping of the positne smears was 79 3 per cent accurate Epidermoid 
carcinomas were correctlv typed in 89 2 per cent of instances, undifferentiated 
carcinomas in 76 2 per cent, and adenocarcinomas in 39 3 per cent Two 
bronchiolar carcinomas were accurateh tvped from the smears 

We with to acknowledge the valuable assistance of Mrs Delores Wallen of the cytology 
laboratory* 
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THROMBOSIS OF THE PULMONARY ARTERY COMPLICATING A 
CASE OF PULMONARY TUBERCULOSIS 

Viking Oloy Bjork, M D , and Are Norhagen, M D 
Stockholm, Sweden 

I N CASES of pulmonarv tuberculosis, the arterial branches close to the tu¬ 
berculous lesions are sometimes found thrombosed Occasionally a segmental 
aiteiy is found thrombosed, but only once in a senes of 500 resections for pul¬ 
monary tubeiculosis was the main pulmonaiy artery found almost completely 
occluded After excision of the thrombosed aiea of the pulmonary artery and 
a left upper lobectomy with decortication of the lowei lobe, the oxygen up 
take inci eased fiom 4 to 15 per cent on the left side, and an angiographx 
show ed a patent pulmonary artery 

CASE REPORT 

4 36 vcar old man developed a large tuberculous cnvitr in the left upper lobe in 19-16 
and was treated with an artificial pneumothorax There was a sprend to the nght sido 
with a cavitv in the superior segment of the right loner lobe in 194S A good regression 
occurred on the nght side On tho left side, the pneumothorax was abandoned in 1963 
with considerable displacement of the mediastinum to the left The cavitv was still 
v lsible in the left upper lobe There was no bronchial stenosis Bronchospirometn showed 
4 per cent oxvgen uptake, 7 per cent of the Mtal capacitv, and 2 per cent of tho minute 
ventilation on the left side 

A two stage procedure was performed m Januarv, 1953, with a preliminan 5 nl> 
thoneoplastv with npicolvus (Fig 1) Three months later, the left side of the chest was 
opened through the bed of the sixth rib The lung was mobilized in the extrapleural plane, 
and the loner lobe was decorticated The segmental arteries to the left upper lobe were dis 
sected free, and divided The most proximal segmental arterv to the anterior segment 
thrombo«ed 4s the main pulmonan arten at this level was felt firm on palpation, it was 
dissected free centrallv to the bifurcation and opened between clnmps A 2 bv 2 bv 2 cm 
large thrombus was found adherent to the wall of the pulmonarv arterv around the orifice 
to the anterior segmental arten The opposite wall of the pulmonan arten wn« free 
The lumen was 90 per cent occluded The wall of the pulmonan arten containing the 
thrombus was excised and a continuous suture of silk was applied (Fig 2) The left upper 
lobe vas removed and immedinteK after the operation, bronchospirometn showed 11 per 
cent oxvgen uptake on the left side The preoperativc value had been onlv 4 per cent 

■Microscopic examination revealed n normal wall of the pulmonarv arten and an 
organized thrombus 

The patient made nn uneventful recoverv One venr after the operation, the patient 
showed a negative guinea pig test on sputum and gnstric washings, and had an x ray of 
tho chest (Fig 3) verv similar to the preoperative one (Fig 1) Angiography showed a 
normal left pulmonan artery Broncho«pirometrr showed 15 per cent oxvgen uptake, 16 
per cent minute yentilation and 17 per cent vital capacitv on the left side 

From the Sabbnt'berp Hospital Surpeon in-chlef C Crnfoonl XI D Trofessor Pin 
slclan In-chlof s PJUrkman XI D 
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DISCUSSION 

A slou rate of blood flow will increase the nsk of thrombosis In this 
case the left lung was atelectatic during one period of the pneumothorax 
treatment The decreased blood flow through the left lung mar then hare 
facilitated the thrombus formation originating from a segmental arterr Be¬ 
fore the operation, onlv 2 per cent of the minute ventilation was on the left 
sule Therefore a thrombosis of the left pulmonarv arterv was not expected 
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preoperatively As ventilation increased after the operation from 2 to 16 
per cent and the oxygen uptake fiom 4 to 15 per cent, the decoitication 
played an important part in the improvement of function 

Such an improvement would, however, never have been possible without 
the excision of the thrombus After the operation, theie was no thrombosis m 
the suture line 



FIp 3—X rn> of the chest In March 1954 one >ear after the operation 

In cases vith piactically no oxygen uptake m one lung, a thrombosis of 
the pulmonaiy aiteiy mai be detected by angiography At operation, the 
pulmonary arteiy mav easily be palpated and, if something unusual is found, 
it should be opened as in the case described Excision of a thrombus, with the 
adjacent pulmonary aitenal vail and a vascular icpaii, can evidentlj be done 
without recurieut thrombosis in spite of a comparatively small flow 

SUMMARY 

A case is descubed in vhich a left uppei lobectomi, left Iovei lobe de¬ 
cortication, and excision of a thrombus formation m the left pulmonaij arteiy 
improied the oxygen uptake from 4 to 11 per cent One teai later the oxygen 
uptake was 15 per cent on the left side, and the left pulmonarj artery vas 
patent 

REFERENCE 

Bjurk, V O Circulation Through an Atelectatic Lung in Mnn, J Thoracic Surr 26 533, 
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TECHNIQUE OF BRONCHOGRAPHY 

S AY French, III, Colonel, JIC, USA 
Sax Francisco, Calif 

T HE following line drawings illustrate the % anous positions which the author 
has successfully used for seyeral years in bronchography' This method is 
simple, can be performed quickly without the aid of fluorseopt, and unifoimly 
pioduces excellent bronchograms 

Topical 5 per cent cocaine anesthesia is used, the pharm\ being spruj ed 
y\ith an atomizci, folloyvmg yylnch the internal division of the supenoi laryngeal 
ncne is cocainized in the antenor portion of the piriform sinus yvith a Jackson 
forceps containing cotton saturated with the anesthetic agent A catheter is 
then inserted thiough the nose into the tiachea under direct usion bj use of a 
larvngeal nnrroi Folloyy ing insertion of the catheter, a total of 4 c c of cocaine 
is instilled into the tiachea through the eathetci, yyith the patient leaning first 
to the light and then to the left m Older to complete the anesthesia of the 
tracheobronchial tree 
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Position 1 Frontal and lateral \lens In this position Instill C o c of Idplodo! wait 30 

seconds and proceed to Position 1 




Position 5 —I Ui the patient In tie right lateral decubitus position (abo\e left) Instill 
3 c c of Ldpiodol and wait 30 seconds The patient Is then turned to the right anterior oblique 
position as in tb* figure utxne the t iblt depressed to a 30 decree angle and held in this 
position for 30 seconds 
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J ita n 6 —\\ 1th tli* i» itl* nt In tin kft lateral decubitus position (abo\*_ left) instill 
2 tf ! Iphulnt and wait p*con \* Tli*' patent Is then tumH to the left nntfrior oblique 
V»> ill >n ns in th* Htruri nbo\e the tnbi* <!«pp«*'d to n 30 dtirrec nnplc and held in this 
t*< Jil< n for ** reom N 

M this tfm* ronntfrlor nn 1 richt nnJ left anterior oblique films arc taken with the 

V\\i n\ uprlKhV. hn\<nl films mn> Ive tnk* n If so <1* sired 
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THE HISTORY OF THE DEVELOPMENT OF THE NEGATIVE 
DIFFERENTIAL PRESSURE CHAMBER FOR 
THORACIC SURGERY 

Herbert Willy Meyer, M D , 

New York, N Y 

I N 1953 at the San Francisco meeting of the American Association for Tho 
racic Suigery, Dr Robert M Janes, in his Presidential Address, spoke 
about the negatn e pressure chamber He stated that the only one m exist¬ 
ence m America in 1922 was located at the Lenox Hill Hospital m New York 
Willy Mev er, who designed it, had combined the principles of negatn e pres¬ 
sure of Sauerbruch and the principles of positive pressure of Brauer 

It occurred to me at that meeting that some of the membeis and visitors 
might not have heard about the negatne chamber, 01 understood what was 
meant by the term “negatne piessure chamber” Therefore, I thought a 
brief historical sketch might be timeh and possible of interest for those whose 
interest m thoracic surgery followed the birth, life, and death of the nega 
tne pressuic chambers 

It seems especially pioper at this time to honor the memory of Ferdinand 
Sauerbruch as it was fifty years ago in 1904 that he discovered the method 
bv which he could safely open the pleural cavitj of dogs under negative 
differential pressure 

The dangei of thoiacic surgery in those days was the occunence of 
pneumothorax upon opening the pleural cavity This word was coined by an 
English physician named Hew son In 1902 there was no lehable and con¬ 
sistently* practical method of overcoming this pneumothorax 

Sauerbruch became an assistant of Professor von Mikuhc7 at the Surgical 
Clinic in Bieslau, Germane, on Oct 1, 1903, when he was onh 28 years of age 
Professor v on Mikulicz v\ as grcatlj interested m the dev elopment of a 
method of making thoracic surgery feasible lie encouraged and stimulated 
voung Sauerbruch to investigate this pioblem Sauerbruch published his 
autobiography Das War Mcxn Lcbcn in 1951 In it, he tells the story of awak¬ 
ening one night and conceiving the idea of how to overcome the deadlj pneu¬ 
mothorax He suddenly i calmed what had to be done m his experimental 
work on dogs to piove his theoiv It was pmelj a physiological problem It 
was a question of negative diffcicntial piessure The apparatus he built and 
developed in 1904 proved successful He had theiebv discovered a safe 
method of performing surgery within the thorax 

RcctKcd for publication Jnn 13 1955 
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Sauerbruch’s first research and construction of an apparatus began in 
October 1903 This was a primitive apparatus (Fig 1) He operated upon 
cei eral dogs successfully However, the first time he tried to demonstrate the 
apparatus to ion Mikulicz, bv opening the pleural cavity of a dog under 
negative pressure, there Mas a leak in the rubber cuffs and the negative pres¬ 
sure nas lost The lung of the dog collapsed due to pneumothorax and the 
dog died, to the dismav of both Sauerbruch and von Mikulicz Sauerbruch 
had purposelv opened both pleural cavities 

The second apparatus was constructed of wood (Fig 2) There Mas a 
glass top Two persons could work within this wooden box for tv o hours at 
a time but no longer on account of the intense heat that developed inside 
the cabinet The third larger box contained 14 cubic meters of air space 
Tn e persons could be within this chamber (Fig 3) 

Professor v on ilikukcz invited his young assistant Sauerbruch to be his 
guest at the following meeting of the German Surgical Society in Berlin on 
April G, 1904 Sauerbruch read his paper and demonstrated the apparatus 
Thev had performed 78 operations on dogs Thoracotomy had been com¬ 
pleted Mithout mortality The operations had been performed by yon 
Michulicz with Sauerbruch in control of the negative pressure They had 
found tint minus 10 mm Hg of negative pressure sufficed to prerent pneu¬ 
mothorax This Mas equivalent to operating at an altitude of 300 meters 
burgeons and assistants could easily stand this degree of negatire pressure 
Sauerbruch stated at that time that it Mas his opinion that human bemgs 
could likewise undergo thoracic surgerv if negative differential pressure Mas 
employed 

It is of historic interest that Willy Merer, the Founder of the American 
\smciation for Thoracic ^urgerv, visited ion Mikulicz and Sauerbruch m 
Breslau in the summer of 1004 Sauerbruch invited Willy Merer to be inside 
the negative chamber and witness a transthoracic resection of the esophagus 
<m a dog \\iIU Meier reported this fascinating experience before the New 
York Surgical Socictv on Dec 14 1904 His paper Mas published m the 
InnaU of Surocn / 41 GG7-GS5, 1905 


ballowing the meeting of the German Surgical Congress ion Mikulicz 
had an even larger negative chamber built This one was adequate for oper¬ 
ations on human beings At first 13 operations on the esophagus were per¬ 
formed on dogs m this chamber He then felt that they u ere ready for sur- 
g<r\ on human beings under negative pressure The first patient had a car¬ 
cinoma oi the esophagus The patient died during the operation The sec¬ 
ond operation in the negative chamber was for the removal of a tumor of the 
mediastinum This patient survived 


It was at this tun. that several positive pressure apparatuses were con- 

“ t u r du "' s " l Luro P* Thl " ^ followed Sauerbrueh’s 

< ntntion before the German Surgical Congress Brauer of Heidelberg 
cm trurted a mask tape apparatus Von Mikulicz had previoush emploved 
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Fig: 1—Sauerbruchs original primlthe apparatus for ncgathe pressure. (Fig 13 copied 

from Sauerbrucb s earl> articles ) 



Up J—Sauerbruch s first wooden chamber designed for operations under negative pressure 

i somewhat similm tipe of appamtus, blit found it wanting and greatlj pre- 
ferted to voik undei negative piessme These positne and negatne pres 
sure appaiatuses wcie phvsiologicallj diametrically opposite in pnnciple 
This brought forth discussion and arguments as to which method was pref¬ 
erable for sui gei v on sick patients Improi ements in positne piessure np 
paratuses were made bi such men as Engelken, Tiegel, Brat Schmieden, 
Seidel, Karewski, and Robinson 

Phvsiologists and surgeons had long befoie this time overcome pneumo 
tborav m animal experimentation bv blowing an into the trachea and then 
sucking it out Matas and others were pioneers in this work in the late nine 
teentli centum Sauerbruch, hoveier, had greath adianced thoracic sur- 
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He 3—1 arl> Chamber u*cd at the Breslau Clinic for opemU°ns under negatlte pressure 
that lower portion of the bod> of the patient la within rubber bag connects! -a 1th outsme 
utmo«pbi ric pressure so that onl} the chest portion was under negatise press r 
within this chamber that S\ Ill> SIc>er witnessed operation on esophagus of dog in iau-i 




gers h\ dcs eloping the negatne diffeiential piessuie chambei It made noi- 
nnl ndninnstiution of geneial anesthesia possible There was, hotvevei, no 
(lnmbtt oi appai at us in which it was possible to deteinime svhethei nega 
Use oi pnsitnc diffeiential incssuie was the pieferable method foi the sick 
patient 

In 1901, while this fascinating, new reseaich woik was progressing, Pio- 
fessor ton Mikulicz died of caicinonia This tiageds mtenupted this nn- 
portant woik Piofessoi G.uic replaced ton Mikulicz m Bieslau Sanei- 
liruth was ti.installed to Greifswald undei Piofessoi Fiiedench In 1907, 
both rnedciith and Saueibiuch weie moted to Marbuig, tvhere suigery un* 
du negatne piessure was icsuiued 

In 1903, the Section on Singers of the Ameiican Medical Association 
united Muerbruch to come to tlie United States to piesent a papei and 
dimonstrate the negatne chamber Sauerhruch accepted this invitation He 
armed m New lork Cits and brought along the negatne chambei Willy 
Miter lint linn at the pier m New Yoik and acted as his host The Amen- 
» m Mi dud Assm latum met m Chicago that seni The negatne chambei 
w is shipp'd to (’Imago Smorlnuth rend his paper and demonstrated the 
in g itn e i hamber 

Simrbnich told Mills Mesci in Chicago that lie did not intend to take 
tin ntgitne cluimlHr hack to Germans He offered to lease it snth Will} 
Mi sir m \iw York so that Mills Meter could do some experimental work 
m thornn snrurs on dogs Theicupon Mills Meter asked Sauerhruch to 
■miMiil to opiruu upon i dog in tin dnmhei wink he w is in New Yoik ( its 
hi lots lu s nli <1 loi (ii i mil ns 
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For the authenticity and completeness of the story that follows, I am in 
debted to Dr Thomas Fivers, Director of the Bockefeller Institute for jJIedi 
cal Besearch m New York, and to Mr E B Smith, the present Business Man 
ager of the Institute They kindly permited me to review some of their old 
records of those exciting days 

On May 29, 1908, Willy Meyer wrote to Dr Simon Flexner, at that time 
the Director of the Bockefeller Institute, and asked for permission to erect 
the negative chamber at the Institute so that Sauerbrueh could operate upon 
a dog before he sailed for Germany Inasmuch as Willy Meyer was not a 
member of the Scientific Staff of the Bockefeller Institute, it was most gra 
cious on the part of the Directors to grant this permission Therefore, Sauer- 
bruch operated upon a dog’s lung under negative differential pressure on the 
morning of June 11, 1908, at the Bockefeller Institute Willy Meyer assisted 
Sauerbiuch at this operation Among invited guests were the heads of the 
various departments of the Bockefeller Institute They were Drs Samuel 
Meltzer, the first President of the American Association for Thoracic Sui 
geiy, Alexis Carrel, E L Opie, and Dr Levene Following this operation, 
the ehambei was dismantled and stored m the basement of the Institute 

Dr Flexner thereupon kindly made arrangements so that Willy Mever 
could stait research work in this entirely new field of thoracic surgery at the 
Bockefeller Institute Will} 7 Meyer, howeier, had to pay foi the dogs and 
also engage an attendant for the care of the dogs, and pay his salarv The 
Institute allotted him space for the erection of the chamber 

During the ensuing summer of 1908, Willy Meyer asked his brother, 
Julius Meyei, a mechanical engineer by profession, to tour Europe and visit 
eiery clinic where work uas being done m thoracic suigery All types of 
positive pressuie apparatuses and the negatne ehambei weie studied 

Willj Meyei had ahead} decided to build his own chamber m which he 
could eialuate the pros and cons of negatne diffeiential pressure and positne 
differential pressure The basic plan of action and specifications were 

1 To construct an appaiatus m which anj opeiation could be perfoinicd 
without mo\ing the patient, whether negatne or positne pressures were em 
plojed The change from one pressure to the other had to be accomplished 
quickly 

2 There should be no change of position of the patient, surgeons, and 
anesthetist during the operation 

3 The administration of gcneial anesthesia was to be a simple procedure 
under eithei negatne or positne pressure 

4 The operation was to be performed undei lower barometric pressure 
than the prciailing atmospheric piessurc existing at the time of the opera 
tion 

Julius Mejer leturned from Europe m September, 1908 After manv 
conferences between the brothers, work was started on a positne pressure 
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chamber This work Mas accomplished with. the great aid of Mr Robert 
Km, the head of the Knv-Seheeier Surgical Instrument Company in New 
York The factory v> as situated in New York City 

The capacity of the fust chamber was 80 cubic feet This chamber was 
large enough to comfortably hold two anesthetists It had an antecliambei 
lock dnision with doors permitting change of pressure from positive to at- 
mosphciic piessure so that one of the anesthetists could lease the positive 
pressure chamber at am time An adjustable guillotine partition with large 
rubber cuff surrounded the patient s neck for airtight closiue B\ means of 
motoi pumps and \al\e action the degiee of positive pressure was easili 
rfgidated Atmosphciic picssuie could he easils changed to 10 oi 13 mm 
Ilg positno piessure Artificial lespiration or inflation of the lung could be 
started tn the simple control of the raise action This allowed the lung to 


iut( ^ fo l ' r r k; l ;„ r ’r., c n. ,i Xr^^co 1 ™ ^ m.«. 
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to accompany my father on Friday afternoons after school hours I either 
sat inside the positive chamber with the anesthetist and learned about anes 
thesia, 01 I stood outside and obseived opeiations on the mtrathoracic organs 
Sometimes I was allow ed to handle the vali es that regulated the positive 
pressure Therefore, my personal inteiest m thoracic surgery extends over 
a penod of 47 years 

Aftei four weeks of experimental woik, the positive chamber was dis 
mantled and moved to the German Hospital, now the Lenox Hill Hospital 
Early m 1909, the fiist opeiation on a human being was perfoimed on the 
lung of a child This positive piessure chambei ivas dismantled, transported, 
and elected foui times wnthiu the folloivmg six months It could be dis 
mantled within a few hours and erected within a day In June of 1909, the 
chamber was transported to Philadelphia It was demonstrated at the Jef- 
feison Medical College Hospital at the time of the annual meeting of the 
American Surgical Association m Philadelphia 

A second positive piessure chambei replaced the first at the Rockefeller 
Institute Experimental thoiacic surgery on dogs was continued 

In the meantime the Unneisal Negative Pressnie Chamber w'as being con 
stiucted at the Kny-Scheeiei factoiy This chamber contained 1,000 cubic 
feet of an Foui silent muffled suction pumps sucked the an out of this large 
chambei Negatne piessuie was obtained by regulating the inflow of outside 
an into the chambei thiough a large inflow pipe whose diameter w T as regulated 
by valie action The negative pressuie could be biought from atmospheric 
pressuie to a differential of minus 15 to minus 18 mm Hg within a few' mo 
ments It w as quicklj found that about minus 7 to minus 8 mm Hg w as the 
ideal negatne piessuie foi thoiacic surgery 

A positne piessure chamber had been placed at the fai end, inside the 
negatne chamber The head of the patient and the two anesthetists were 
inside this smaller chambei The body of the patient, the suigeon, his 
assistants, the instrument muses, visitors, and engineer to control the valves 
weie inside the huger negatne pressuie chamber All m all, as many as 15 
persons could be inside the laigei chamber If desned, therefore, 17 persons 
could be inside the Unneisal chambers, besides the patient 
• This Unnersal Negatne Chamber was bi ought to the Rockefeller In¬ 
stitute in Mai of 1909 On Mai 7, 1909, the first operation was peiformed on 
a dog This opeiation was a pneumonectomv (Figs 5 and 6) 

One can reachli see the adiantages of the Unnersal Chamber "When 
thcie ins minus 7 mm Hg negatne pressure in the chamber, the pleuial 
cnnti could be opened without collapse of the lung because the dog was 
bieathnig noimal ntmospheue piessuie which was inside the smaller chamber 
1 Ins could be intei preted ns if the mouth of the dog were at sea lei el and the 
opened pleural canti of the dog at an altitute of about 300 feet aboie sea 
lei cl If the differential piessuie was to be changed, all that had to be done 
was to niciease the pressuie inside the smallei chambei to positne piessure 
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Fig "—\ lew of inttrlor of Lnlversal Negative Chamber as erected In the Pavilion for 
Thoracic Surgco at Lcno^ Hill Hospital "Note metal lining Instrument panel valve handles 
for regulating negative pressure In rear large Inlet pipe and hnndlc for positive pressure on 
Inlet pipe in foreground ricctric control panel on side 

FJc 15 —Operating table and patient In negative chamber \nesthctist -within positive 
chamber Instrument stand In foreground on left. 
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and lov> er the negative pressure inside the laigei chamber to atmosphene 
pressure This change of pressures was possible vnXbm a few moments Once 
the ncgatiie pressure in the larger chamber mas at atmospheric pressme, the 
door to the outside could be opened and personnel could go m and out of the 
chamber The lentdation of air inside the laige and small chambeis mas ex¬ 
cellent The air was cool and there mas a complete change of air m both 
chambers eiery two minutes 

Experimental surgerv on dogs mas continued at the Rockefeller Institute 
In Milli Mei er from the fall of 1908 until Dec 31,1913 

At the suggestion of the attorneys of the Rockefeller Institute, and of 
the Executne Committee of the Institute, "Willy Meyei and Julius Meyei 
ipphed foi a patent on the Universal Chamber This patent mas granted on 
Jnn 2, 1912 The patent issued was Xo 1,013 800 It read “Appaiatus 
for Conducting Thoracic Opeiations ” This patent was obtained m order to 
aimd possible pnoiati mterfeience with the use of the apparatus Willy 
Meier assigned the patent to the "People of the United States ” 

During this time, plans wete instituted to build a Thoracic Surgery 
Pnullion at the German Hospital Mr J Pierpont Morgan i\as one of the 
first conti ilnitors to the fund This gencious donation mas giien thiough the 
Kindness of Di Tames Maikoe, one of Willy Meier’s close friends The 
Trustees of the German Hospital and mam friends and patients of Willy 
Mdtr also gcneioush contributed to the building fund. The Department 
was completed and opened in Apul, 1911 (Pigs 7, S, 9) It was the fust and 
remained the onli such specialized depaitment for thoracic surgery m the 
Lulled States It housed the Umiersal Chamber, a positiye pressure cham¬ 
ber, as well ns other typos of positne piessure apparatuses known at that 
tunc During the experimental stage of the Umiersal Chamber at the Rocke¬ 
feller Institute, a balloon-type inibbci cloth emeloped the negatue chambex 
Hus was changed to a more durable metal coienng when the chamber was 
(ruled at the German Hospital The inside walls were also made smooth 
with thm metal This made it possible to wash dowai the inside walls of the 
1 1\ unbtr for deanliness 


I am proud and happi to mention thnt Dr Carl Eggers one of our past 
Presidents of the American Association for Thoiacic Suigcvy, is probablx 
the onh hung surgeon who frequent?! assisted Wills Meier in the Umrersnl 
< b nnbor at the German Hospital by being the anesthetist at many of the 
difmult opt r it ions This was duung the enrh and exciting days of thoracic 
snrgi r\ on human beings (1 igs 10 11 and 12) 

i . ."'V'?? ^ 1 1,r " kc ' >l!, m U " ns ' m soon discolored on the 

Intth folds in tin frontline hospitals and in the base hospitals thnt these 
u.mpbcnt.d apparmwes siere not neecssan for tlmi ie, c surpen An ofll 
">nt poMin. impure aimstlusm apparatus properli emploicd was all that 
V >s »««..-in 1 , « ,s .«nrl«Mwh demonstrated that positne pressure was 
.n.uua as mg an, pressure If fnltllled the demands of the thoracic 



Fig 9 



Fip 10 

Flp *»—Positive chamber In Thoracic Pa\iIIon at the Lenox Hill Hospital 
Up 10—Photopmph of patient on bed under noslthe differential pressure durlnp post 
opemtUe treatment. Head of patient and nurse within positive chnmber Ordcrl> and bod> of 
IMtUnt and thoracic ca\It> with free drainage of chest ca\It> outside under atmospheric 
prt s^urt 




MEIER 


HISTORX OF NEGATIVE 


DIFFERENTIAL PRESSURE CHAMBER 
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FIs 11 FlF 12 

Hi. 11—\ null tipc of metal door leading Into Universal Negative Chamber at the 
Thnrarlr 1 -wlllon In the Lenox HIU Hospital Note metal outside covering and large exhaust 
plp< leading to exhaust motors In engine room 

Hr l„—hour mudled silent exhaust vacuum pump* and one positive pressure pump In 
<nrlm room of the Thoracic Pavilion of the Lenox Hill Hospital 

In 1923 the Ltnox Hill Hobjiital needed more space for an expanding 
\ rn department The Trustees of the Hospital decided that the Thoracic 
Pnihnn space Mould he ideal for this department Therefore, the Universal 
\ecatnc Chamber—the onh one m existence m the world—had to be dis- 
iinnthd Wilh Meter offered it to the Rockefeller Institute on June 19 
P'21 for further experimental uork The ofier had to be declined also on 
u i limit of lack of space The Unnersnl Chamber and the two posilne 
prissurc chambers were theiefore dismantled and the metal was sold bv the 
Hospital ns scrip metal I hate often thought that it was a pitv that this 
umqui and numinous Unncrsal Chamber was not offered to the Smithsonian 
Institute in 'Washington, DC It was a brilliant conception of an apparatus 
tli it xerx dos. K simulated tin normal plnsiologx of the thoracic cntili It 
"as mors pinsiologieal than am positnc pressure method If a 
niLitnc chamber were aiailihle tod ax it would be fascinating and mterest- 
nu: to sptculitc experiment uni see whether it might not he of real value 
m tin surci r\ of modern heart lesions cspieialh in the \er\ ill cardiac ns 
in nt 
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All honoL therefore to the memorj of those gieat pioneers m thoracic 
suigery and to the conti lbutions which they made in those earh days of this 
fascinating chapter of suigery 


REFERENCED 

Meyer, Will} Transthoracic Resection of the Lower End of the Esophagus in a Bog, 
Ann Surg 41 0b7 GS5, 1905 

Bemerkungen zur Weiterentwickelung des DruckdifTerenz Verfahrens fur Intrn 
thornhale Operationen Aus der Festschrift zur Vierzigjahngen Stiftungsfeier des 
Deutschen Hospitals in New York, 1909 

Aus der Festschrift zur Vierzigjnhngen Stiftungsfeier des Deutschen Hospitals in 
Nen York, 1909 

The New Operating Pai llion for Thoracic Surger} nt the German Hospital, M 
Rec New York 79 1079 10S4, 1911 

On Drainage After Intrathoracic Operations With Special Reference to the 
Esophagus, Ann Surg 53 100 111, 1912 

Post Operatne Thoracic Drainage, Ann Surg 68 156 16S, 191S 


Erratum 

The title of the nrticle In William G Children, Ml), nnd George ( Adie, AID, 
which appeared in the Mai, 1955 issue of the Toupnal, pages 480 487, should he “Recurrent 
Pln«mnci tomn of the Aredinstinum’’ rather than "Recurrent Plasmnci toma of the Lung” 



Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Tlnrt\ sixth Annual Meeting of the American Association for Thoracic Surgery 
mil lie held Mnv 7, 8 and 9, 1956, in Miami Beach, Florida Headquarters mil be at the 
lintel Fontainebleau 

Requests for Hotel Reservations 

These should lie mailed directly to Mr Jack Slone, Director of Sales, Hotel Fontaine 
Mean, Miami Beach, Florida Please mention this Association, the type of accommodation 
dc«irod, the dntc and approximate hour of arrival and departure If accommodations are 
desired elsewhere in Miami Beach, please communicate directly with the hotel of vour choice 

Thoracic Surgical Forum 

Thi Thoracic Surgical Forum will be continued as a special session at the 1956 meeting 
The lorum is primanU for the presentation of short papers on current thoracic research, 
expi rum ntnl problems, anatomical studies and modified or new- smgical techniques The m 
elusion of nnv considerable amount of clinical material in these reports makes the choice more 
difficult and the Program Committee reserves the right to reject such papers, or to suggest 
their trnnsferral to the Regular Program 

Paper' n t this s C a«, 0 n mil lie limited to ten minutes, including the showing of lantern 
•dull s or other illustrative material At the discretion of the President, three minutes may 
lie allowed as the maximum di?cu««ion for each paper 

Ml Thoracic Surgical Forum papers mil be published together in oDe issue of the 
Inirvu- Maximum length 8000 words without illustration" If illustrated, an nppropnntc 
number of word* must be subtracted for each cut used 

Abstracts for Papers 

Metrarts for the pn m ntation of nil paper? at the 1956 meeting roust be received on or 
N fore Bit Ti 1 HoT, otherwise thev will not be ronndered b\ the Program Committee 

Mistract* should lie ltd? led “For Thoracic Surgical Forum,” or “For Regular Pro 
l.ram ’ Tin abstracts should contain from 200 to 250 words nnd nccumtclv reflect the eon 
0 nt« of tin completed paper 

fur repeal /in copu « of ench nli-trict must lie sent to the Secrctnrv of the Association, 
I'r Paul C 9 irnsnn 1959 Hnppv I allev Rond Hafavette, ( nhforma Thev should not be 
nt In the 1 ditnr 

Thos< on t!i program ate t> minded that papers presented nt the meeting must hi 
handi 1 to tin «irritnn immedmtelv after their presentation. If thev are not reads at that 
tiro tin re i« n chance that thev will not be published in the Totrsvi or TnorAcic Sltgitv 


Motion Picture Session 

Pit vision* hav. Han ma,h to -how a limit, d number of motion pictures to be selected 

lXV'T‘ ,t "' ’ 1 ” Thr r ‘ ,mf " ,rmvfu *’ log.thir with dear.pl,ve material eoneerning 
l It, of i r s ntation etc must U re.. m .1 l.v Dr lul.nn Tohn.on, Umveraitv Hosmtal 
!f s,, tlI d, I’lnlidflphm , Pa 1 h fore I)ee 16, pf,-, ^ ’ 
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It is planned to run the motion picture* in a smaller room at the same time a* the 
scientific sessions If the films are well labeled, it will not be neces*nr\ for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Memberslnp m the Association must be received bi the Mem 
bership Committee not Inter than Dec 15, 1955, otherwise, the applications will lie deferred 
for consideration until the 1957 meeting 

Applicants must be sponsored bt three Active or Senior Members of the Association 
In addition to the signatures on the application form, the sponsors Mill forward a separate 
letter concerning the applicant directlj to 

Dr 0 T Clagett 

Chairmnu of the Membership Committee 
Mnvo Clinic 
Rochester, Minn 

Sponsor* are reminded that new letters of recommendation must be forwarded to the 
Membership Committee should their applicants be held o\er for reconsideration a second 
tear 
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These difficulties, hoiyeiei, would cease to exist if it weie feasible to re 
duce the blood flow thiough the heart foi a shoit period If the blood flow 
would cease 01 be gieatly reduced, little 01 no dispeisal of the continst 
medium would occui, and the time in which injection and exposuies could be 
made would be longei The use of highly concentiated conti ast media could 
be abolished, i educing the dangei of the aboi e-mentioned complication 
Reducing the blood flow through the heait would lowei the blood piessuie, 
which m its turn would make injection undei high piessuie unnecessai! The 
possible dangei of mcieased mtia-aitenal piessuie—in sometimes ahead! 
diseased blood i essels—must be borne in mind 

In order to slow down or completely mteriupt the blood flow thiough 
the heait and the great ! essels neai this oigan, w r e applied knowledge gatheied 
during the last thiee centimes concerning the influence of the lespiintion 
on the blood flow in the thoiax 

Swammeidam in the seienteenth eentuiy belieied that alternating in 
spnation and expnation weie necessaiy foi maintaining the blood flow m 
the capillaiies of the lungs 

Dining the fiist half of the nineteenth centum tlieie weie conflicting 
neivs concerning the influence of lespuation on the blood flow in the thoia\ 
Some lin estigatois concluded fiom expenments that cessation of noimal 
lespuation was followed In a fall in blood piessuie, while otheis weie of the 
opinion that such respimton aiiest had no influence on the blood piessure 
and the frequency of the heaitbeat as estimated fiom the ladial pulse 

Webei m 1850 found an explanation foi these contnsting news Ac 
<01 ding to him thej were dependent on whethei the glottis was open oi closed 
duimg cessation of lespuation When the glottis was open, tlieie was no 
mteifeience with the blood flow When howeiei the glottis was closed aftei 
an inspiration, the expiiaton muscles eompiessed the thoiax so that the 
oigans within it weie also eompiessed This had a gieat influence on the 
blood stream Fiom experiments on himself he showed that compiession of 
his own thoiax aftei deep inspiiation and closuie of the glottis was followed 
almost immediate]! In complete disappearance of the India! pulse The 
heaitbeat disappeaied immediately, wheieas the indial pulse could still he 
felt weakh foi 3 or I beats befoic disappcai mg totalli Webci concluded 
that compiession of the contents of the thoracic cant! and of the an filled 
lungs caused cessation of the heaitbeat and almost immediate disappearance 
of the pulse 

Weber in the experiment on his own bod! eompiessed the an in the 
lungs and in the bronchi He concluded not onh that this gaie an impetus 
to the blood stream through the cnpillancs of the lungs but also that the 
piessure on the lungs because of their clasticit! was hi ought to bcai upon 
the heart and the great iessels The light atrium md the icnae cai ae were 
especialls eompiessed and the tension of the blood m them was therein iaised, 
SO that a damming up of the icnous blood stream m the great !eins outside 
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the thorax resulted. Normally the pressures in the venae cavae and the ri h 
atrium are so low that eien the low pressure m the great veins is sufficien 
to bring the blood into the nght atnum Therefore, during compression of 
the thorax after inspiration with a closed glottis, there is no filling of t e 
heart and the flow through the right heart is blocked The first following 
heartbeats mil still pump the blood that comes fiom the lung vessels to the 
left heart, into the aorta and after this the flow into the left heart is blocked 
also This is the explanation for the 3 or 5 weak Tadial heats which may be 
felt after the beginning of the compression of the thorax Immediately aftei 
compression of the thorax was discontinued and the glottis was again open 
the normal pulse reappeared 


Weber confirmed the new of Yalsalva, who in the seventeenth eenturv 
wrote ‘It after a deep inspiration a strennous and prolonged expiratorv 
effect lie made against a closed glottis the pressure so exerted on the heart 
and greater \ essels arrests the flow of blood through the lungs ’ But Weber 
went further and stated that not onlv the blood flow through the luugs was 
arrested but also, and pnmanlv the flow through the mtrathoracie venae 
c tvae and the nght heait was arrested, it is thus pnmanlv a true tamponade 
of the right heart The obsenation of Yalsalva drew no attention for two 
(outlines but the writings of Weber who was unaware of Yalsalva’s dis- 
<mer\ w is the cause of man\ expenmental clinical and pathological papers 
on this subicct c\ en up to the present dar 

Ton icars after Weber's communication Embrodt (1860) showed hr 
immal experiment that increasing the piessure m the lungs bv blowing air 
m the trachea produced the same result as blocking the blood flow from the 
nine ia%ae and the right heart hv use of the Ynlsaha test in men 

Miurbrnih's explanation of the Yalsalaa test was that it was due to a 
blinking ot the blood flow through the lungs In compression of the stnallei 
blood msm]s m the alienlar walls lie thought that the pressure exerted 
oil these lessds was the same as the pressure of the intrabronchinl air and 
that the pressure on the heart and great \ essels was the tension of the mtra- 
bromln il air minus the contractile force of the elastic lung tissue 

Ifumplireis and associates (1P37) showed in experiments on dogs that the 
indiH output (lccreised when the intratracheal pressure was increased 
'lhfs, workirs meisured the blood pressure in the heart and m the great 
'iss.ls 1 rom their expernmiits the% bclieied that the decrease m cardiac 
mitput \ as (am, ,1 be compression of the right heart interfering with its fill¬ 
ing rtthir thin In compression of tlu pulmonam \essels interfering with 
th. (inpt\ing <n the lung icssds This was an experimental confirmation of 
'to d* dm twin oi Wilur lormulatcd ncarh a centuri earlier 


<hir roc n*g< nologual resemh on this problem now shows that Weber 
w is '\i(lh nJit that high mtribrond.ial pressures do not block the blood 
, u1 ’, ,1 " h,n "" lmt rompress the right heirt and the eenne canae 
.TV trom h.s simple experiment was able 


i’l* Mqmnr* 


Cl tMilts occurring m the thorax which can now 
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be demonstrated with the aid of operative experimental surgery and of roent 
genology No impoitant addition could he made to AYeber’s deductions 
Making use of this knowledge, we intended to fill the heart and the large 
mtrathoracic -vessels with a radiopaque fluid during the slowing down 01 even 
the arrest of the blood flow as described by Valsalva and Weber 

However, before staiting this study m the field of roentgenology, i\e first 
tried to -verify the fact that the fall in arterial blood pressure ivhich aceom 
panied an elevation of intrabronehial ail piessure was not due to compres 
sion of the capillary bed in the lungs (as was the opinion of Saueibruch), 
but that the tamponade or blockmg of the venae cavae and the right heait 
was the priman cause (as was the meaning of Weber) If the first concept 
weie conect, then mcieasing the mtrapulmonary air pressure might give 
rise to an acute cor pulmonale, bringing the right heait of the patient into 
a precanous state Furthermoie, a greatly increased mtrathoracic piessure 
might piove a danger because of the anemic state of all oigans dunng this 
period of lowered blood flow Heart and biam paiticularly might be dam¬ 
aged Weber stated that when he continued his experiment for more than 
sixtv seconds he became completely unconscious He also thought that com 
plete arrest of the blood stieam might be exti aordinai fly dangerous Weber 
ascnbed to this mechanism many cases of suicide due to cessation of respira 
tion 

The Valsalva test in man differs greatly from the condition caused by 
insufflation of air into his lungs The Valsalva test and also the “fitness” 
test (Flack) of blowing against a column of meicury of 40 to 60 mm , neces 
sitate a foiceful conti action, not only of the thoracic muscles, but also of the 
muscles of the abdominal wall Under such conditions the diaphiagm is not 
an essential septum between the abdominal and the thoracic cavity AYhcn 
air is inflated into the lungs of an anesthetized animal only the thoiacic canty 
is involved The blood flow from the abdomen to the thoiax must be quite 
different in both conditions (Nordenfeld) 

We now know that the blood stream to the heart and brain can be 
blocked foi 2 to 4 minutes without dangei, therefore, a block for 30 to 60 sec¬ 
onds as in our experiments, would not be expected to be dangeious at all 
Nev ertheless, w e tried to elucidate the following points by animal experiment, 
hefoie starting our roentgenologic studv 

1 Does an intrabronehial pressuie increased to 60 cm water dimmish 
the hlood flow from the left heart sufficiently for our purpose? 

2 How does the blood pressure in the right heart react to such an in¬ 
creased intrabronehial pressure? Is the decrease m left ventricular output 
to be attributed to compression of the pulmonarj capillarv bed or to a de 
creased filling of the right ventricle when the intrabronehial pressure is raised 
to 60 cm water? In other words, does danger of acute cor pulmonale exist? 

3 Does the danger of mvocardial ischemia exist within a time limit of 
60 seconds or after repeated drops m blood pressure? 
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4 Is it technically feasible to inject the contrast medium m a period 
of suppressed circulation 0 Does a smaller amount of contrast medium con¬ 
taining a smaller percentage of iodine give better results than methods eur- 
rcntlc emploved 0 

■j Does this method gic e better information about conditions existing 
in the circulator! svstem 0 

The answ ers to these questions follow in numerical order 

1 Anesthesia uas started with intravenous veterinary Xembutal The 
trachea was intubated with a cuffed tube A water manometer was placed 
in the anesthetic circuit so that exact control of the pressure exerted bv 
manual compression ot the bag was possible Through the right carotid 
artcre a pnlcethclene catheter (exterior diameter 3 mm ) was passed into the 



' ' ’ r ' J ' r ' iUnsr ln nor 0 nnJ r| K ht "-nirlel*- with Inc-eaflnp Intrab-oncliUl pressure 

i-' < mlnm mrtn Direct blood piessure readings were obtained with mcreas- 
intrabmmhnl pn ssnre (I ig 1) Until the mtrabroiichial pressure 
, V l "" " lUr no important changes can be seen, ocer 30 cm mtra- 
1 01)1 bnl pn^Mire tin blood procure decreases rapidlc until at 60 cm pres 
!"' r ' 110 , ‘ uK 'nmns in l’ nscnt i basic cable of 20 mm He The first ques 

m;: 1 ;: n r H n,, T ul ; n v ,c —1^ ^^2 Zt 

, , \ Wit<r t,M bn centruular output is ccn much decreas C d P 

p °t’ " ,cr,?i " «■» 

Untn ' 1, 1 100(1 b^^urc readings were taken with increasing 





134 


THE JOURNAL OF THORACIC SLRGER1 


mtiabronclnal piessure Fig 1 shows the deeieasing piessme m the light 
ientncle with mounting diastolic values The noimal aalue of 34/-3 mm Hg 
is reduced, at 60 cm vatei uitiabionclual piessuie, to 26/14 mm Hg The dc 
ciease m systolic pressuie in the light a entncle is giadual This confirms the 
\ieiv of Humphreys that the compiession of the pulmonan capillar} bed can 
not be au impoitaiit factoi responsible foi the fall in left aentnculai output 
If this aieie the case, the leeoidmg of the light ventricular piessuie would 
show a sharp use AYc must conclude fiom this that the mcieasmg piessuie 
m the tiachea to 60 cm watei impedes the filbng of the light heait 

The elevation of the diastolic piessuie must be assumed to onginate fiom 
the eleaated piessiue in the entne thoracic eavita To demonstiate the m 
fluence of the eleaated uitiathoiaeie piessure the following evpenment was 
peifoimed 


Dog281 Pressure in 

Right ventricle Left ventricle 

n>i! in 1H, i 1 ' VI! |>,l!> !'■ Iiili! 

f\l 

normal -VTW'W'W"v 


i - -I- 1 I— i I —- l - 1 


I i 



100mm Hg 


0 mm Hg 
r100 ■ • " 


40 cm 
water 


60 cm 
water 


vWyvW 



i i i 


, L OmmHg 
100 " " 


L OmraHg 


Pip 2 —Ripht anti loft Acntriculnr pressures after left sided thoracotonn at normal prc*«urf 
in the bronchi and at pressure of *10 cm and CO cm water 

A left sided tliomcotoma thiough the fifth inteicostal space was pei 
foimed m a dog The pencaidium was opened A needle, connected to an 
Llcma piessuie lecoulei w is introduced into the left aentncle The left 
lung was looseh packed with gau/e Intiabionchial piessuie was laised to 
40 cm witti (Fig 2) The left aentnculai piessuie decieased to 10/1') min 
Hg Aftei nismg the liitiabionihial piessuie to 60 cm the piessuie was 
fuither decieased to 1 mm Hg Release of mtiabionchial piessuie showed 
i piompt leturn to noimal \allies The lecoulei needle was fuithei ndianced 
thiough the aentnculai septum into the light a entncle and leadings weie 
taken undci the same conditions The deeiease m sastolic piessuie was 
evident, the diastolic ' dues weie not delated 

Apart iioin the eiidcnce pioaided b\ these piessuie recoidings that acute 
tor pulmonale need not be feaied loentgenologic eaidence is also present Fig 
3 shows the heart lontoui under noimal conditions and with derated Ultra- 
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Ht '—Hr irt fh-ilcw with catheter In rlpht \ontrlcle under normal condition? (A) 
ml with Ininti-r nchlal p- 'tir ral «M to rn cm of water (B) The compre^lon of the 
I ‘ irt In tl latt r i« r client- 
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bronchial pressure The right ventricle remains small when contrast medium 
is injected (Pig 4) The difference in size of the inferior vena cava under 
normal conditions and until inflated lungs mav he estimated fiom Fig 5 It 
confirms Weber’s statement that not only the right heart but also the venae 
cavae are compressed by elei ation of the intratracheal pressuie 

A light-sided thoracotomy thiough the fourth intercostal space was per¬ 
formed in a dog A glass tube was insetted into the right atnum thiough 
the auricle The aveiage blood piessuie was 4 5 cm water, increasing the 
pressure of the air m the bronchi and the lungs caused the blood pressure 
m the atrium to nse lathei high It is clear that with the right thoracic 
cavity open, there lias no compiession of the ienae cavae and the right heart, 
only the capillary bed in the lungs was compiessed, which produced a situa 
tion as m acute cor pulmonale 



Fip 5'—Inferior \cna ca\a under normal conditions (.4) and with intrnbronchinl pressure 
raised ( B ) The compression of the \enn cn\n is e\ident 


We conclude fiom these expeiimcnts that with the thoiaeic canti closed 
(or at anv nte the right pleuinl space) no dangei of acute cor pulmonale is 
present i\lien the mtrabronehial piessuie is laised to lei els between 40 and 
60 cm of water The icnous return to the right heart under these circum¬ 
stances is prnnnnh gicatlv reduced 

Clever Saklad reviewing pressure breathing m surgen states “A pa 
tient m good condition can tolerate a moderate amount of mci cased intrn 
pulmonari pressure The patient in a poor physical state cannot The abihti 
to withstand positnc pressure hi entiling depends to a great extent on the 
patient s alnlitv to maintain a heightened icnous pressure, for dining the 
phasic drop m intrnpulmonnri pressure the delated icnous pressure is an 
important factor in filling the right heart ” 


boereju. vxd bljckmax reduced circulation- nr angiocardiography J3« 

Hypotension anesthesia might make poor candidates for pressure breath 
mtr (^ahlad) These dangers, as indicated bv Saklad, are caused bv an eleva- 
t ,on of the mtrabronchial pressure of air during a great deal of the period 
of anesthesia, although interrupted repeatedly 

In our roent genographic method, the blood flow is impeded by elevation 
of the mtrabronchial air tension onlv once and for no more than 30 to 60 
seconds It is, therefore, questionable whether the dangers summed up hr 
^aklad, exist m our method. 

3 Nevertheless, the danger of mvoeardial ischemia is undoubtedly present 
v hen the left v entneular output is reduced In most circumstances there¬ 
fore, we have performed the experiments under constant electrocardiographic 
control We have raised the mtrabronchial pressure during periods up to 
GO seconds Apart from a temporary reversed T wave, no changes could be 
observed According to the cardiologist the changes observed mav have 
Ik on due to axis deviation 

In two instances dogs were sacrificed after the experiment in order to 
examine the pulmonary tissue No pathological changes were found m the 
alveoli and there v ere no signs of interstitial edema Fourteen experiments 
v ere performed on 10 dogs There v\ as one death in the series due to heaw 
overdosage of contrast medium m one of the first experiments The animal 
died from cerebral convulsions 

The direct influence of an injection of contrast fluid into the ascending 
mrta tlirouch a tube pacing the caiotid arterv was measured m the aortic 
arch AMion under normal conditions the fluid was injected under pressure 
the blood pressure was elevated during the injection In 2a to 30 mm Hg 
( Mug t ho Mine technique with low blood pressure caused bv raised nitra- 
br.inehnl pri ssure no pressure chansres could he recorded Thus the danger 
of rapine the pressure m the aorta to too high a level during the injection 
of contrast fluid is clinun ited when the lntrapulmonarv air pressure is raised 
to GO c m v iter 

4 Nuvnli Roiisthw Radnor Guglielmo and Guttadauro (reviewing the 
ancKM ardiographu. m-tmal ot Ton^on cl al i Ilelmsworth et al Wiekhom 
I‘< arl IIovos and del Campo have shown verv encouraging results m animal 
< xpertments and m clinical research concerning the vamaliz ition of the aoitic 
bulb tin aortic arch and the coronan vessels Their chief difficulty is the 
-fiction of the correct moment for exposure it no apparatus for serial e\- 
pnsnn s is mod 

lor tins, animal experiments we have imed a verv simple device based 
oi Aiding film calottes with exposure times of 0 2 4 7 and 11 seconds A 
1 V-Wm -rid wav um4 1 xp..stir. times \ mid irom 0 04 to 0 0G second For 
tU id l 1 ■ pressure svrmge is d<s, n fi t -el In h , 11 - 0,1 was us d connected 

' lth n l'"hthem cath.ter with mi intern'd diameter of 2 1 mm The catheter 
' " V 1 “ 5n th ‘ "‘-•ndiiig aorta thre.m.h the right carotid arterv at a level 
" l ] ’ rni 1 ’’ r,rt " The iime nee. ssarv to imeet 20 to °5 e c 

•>. a > p‘ ” c. > i l'\. h. nl.nnc w as about 2 seconds The first exposure vasmadc 
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when appioximateh foui-fifths of the total amount had been injected The 
same technique u as used m the dog show n m Fig 6, .1 and B, u ltli and until 
out laised mtiabionehial piessuie The difteience in quality is obi ions 
Foi cai diopneumangiogi apliy the techmque used was essentialh the same 
The cathetei was mtioduced thiough the light ]ugulai lein into the light 
lentiiele "When the intiatracheal piessuie nas laised to 60 cm uater the 
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IlOHUMV \Nl> BUCKS! VX 

, , , ... 1he nulmonan sessels with as little as 20 c c of 15 pel 

! cut' p S \ clomhime was excellent esen when the time for injection was m- 

ti f> seconds with the use of a small catlietei Intiabionchial piessui 

.,ijent 1 esults When the same techniques Mere used, but uitliout laisea 
piessme, no cleai image could be obtained of the pulmonarv 

\ (ssels 



Iii v -Kfuht In irt and pulmonurv art* rl» <* visualized Itli 20 cc. of 45 per cent contrast 
in Hum during Imr it*' 1 Intnibmm lilul pr* <«urt The pulmonarv veins are fnintb visible 


sonu expuimuits were timed out with high intiabionchial piessme to 
demolish ite tlu low eud uttml piessuic m penphei \1 aitenogiaphs It ap 
poind impossible to obtain a tilling of the feinoial uteiies when the contiast 
thud w is inject* d in the noitic ueh 9 lie contiast medium was letained in 
tin ihdotnmnl unti Jichnsc ol the nitialnonchml piessme lestoied pns- 
sagi liiuin ill iti]\ Thus, it is also possible with this technique to obtain a good 
<">iti ist iisitit. mils i sm til amount of fluid ind injected undci low prcssuie 
lAeilhnt mphiogi uns wck oht lined in tins method 

W i in i\ com hide th it n tuliuie d imjuo\cment is obtained In the method 
disirihid 'small ainoiuits ui eonti ist medium emit lining a low pc reent ige 
"t lodim minted nmlu low piessme pm good risuits fiom .1 tee lnm d point 
"t \ n w 

*’ ' ' tb' nuthod disirilml intoiin 1I1011 e m he edit lined without the 
Usi ol .|iui h Wot 1 im. film eh mc< rs 'this nukes inpioi ndiogiapln possible 
will,, at .xpinsm qquritiis 1 ilhiu. oi the torlu an h and bulb and ooro 
nuv itti in s is re idih in rfm m. d with good Msihihtx (1 ig (,| The reduced 
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mo% emcnts of the heart and vessels produce much clearer contours The 
diameter of the aorta is reduced to approximately two-thirds of its normal 
sue The left -ventricle gives a clear image when filled The aortic valves 

can he clearlv identified 

Filling of the coronary arteries is easily performed eyen from the aortic 
arch The time factor is of little interest as the contrast remained unchanged 
lor at least 4 seconds (Fig 7) 

-With the catheter placed in the right auricle or right yentncle excellent 
visualization of the right heart, outflow tract, and pulmonary arteries was 
obtained (Fig 8) Visibility was maintained in the lungs during eleiation 
of the intratracheal pressure for penods up to 5 seconds with a pieceding 
injection time of equal duration In some instances, both pulmonary arteries 
and ions were visualized simultaneously with a contrast dose of 25 cc of 
45 per tent concentration (Fig 9) This pioves again that it is not the com¬ 
pression of the pulmonarv capillaries which is the most important factor m 
slowing down of the blood stream when the intratracheal pressure is increased 
to GO em water The use of this method for aortography of the abdominal 
aorta lias not v ct been studied extensn elv The possibility of obtaining 
peripheral arteriograms In injection of a small dose of contrast medium of 
low concentration seems attractn e Sharper contours should simplify the di¬ 
agnostic possibilities of vascular lesions Serial exposures of dubious lesions 
arc quite possible as the contrast remains visible for piolonged periods 
(Fig 10) 


CONCLUSION 


The roentgenologic studv of contrast fluid m the heart and great vessels 
confirms the views of "Weber who stated that elevation of the intratracheal 
pressure caused a slowing down of the bloodstream through the heart bv 
ionipnssion of the right heart and the venae cavae From a practical point 
ot view the advantages of our new roentgenographic method seem consider- 
lhh not onlv m the experiments described but possiblv also in clinical angio- 
< irdwgraphv 


The advant lges for diagnostic angiotnrdiographv mav be summed up as 
follows A bitter insight into the pathologv of the eoromrv arteries mav 
In obtained with the possible development of surgical therapv of chrome 
disordirs The roentginogr ipbic approach to congenital abnormalities of 
tin In irt nnv be unproved The absence of or change m the difference in 
prissnre bitweni lett and right heart mav result m a dnect visualization of 
tin shunt mtn or extneirdnl oftir injection of the contrast me hum 
\bnornnhtics m the region of the aortic arch nnv lie depicted more clearlv 
I’mmnanpto. ardtograpiiv ami artenopraphv of special organs can be per¬ 
formed more i ■'sih and with i minimum of cluigir 

Tin dimnl application m our method of roentgenographv will lie de 
M rim n in *1* t ul Inter 

Dav so,, express, d th- opinion that it would be regrettable if the vast 

' lUon * irn °4 out on the work «n Vals.ha proved fruit- 

• -s ind could not be utih-ed to human adv antnge 
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^ e think that this experimental study, by means of its clinical apphca 
tion, will provide clearly and simply information vhich Mill be of great ialue 
in medicine today 

SUMMARY 

A new method foi angioeaidiography is descubed Use vas made of 
sloMing of the blood stieam thiough the heait and the fall in blood pressme 
occmling aftei incieased liitiabronehial pressuie to a allies betMeen 40 and 
CO cm of m atei It M r as shown that this sloMung doivn of the blood Aom 
thiough the heait Mas piimanlj caused by compiession of the right heait and 
both venae caiae Pressuie lecoidings made dining this pioceduie shoMed 
that theie is no dangei of congestion of the light heait Expelmients pei 
foimed in dogs shou that eleai nsuahzation of coionaiw aitenes, heait 
chambeis, aoitic aieli and jiulmonaiy vessels is possible with a minimum of 
eontiast medium of low iodine content, injected undei Iom piessure 

AA e are indebted to Mrs D M E Vermeulen Cranch, FPABCS, and J van Leeuiven, 
MJD , from the Department of Anaesthesiology, R Lopes Cardozo, M D, and Miss E \an 
Buuren from the Department of Radiologv for their technical assistance 
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THROMBOSIS OF INTERNAL JUGULAR VEIN SECONDARY TO 

intrathoracic disease 

\M»rrvliiTi MR Florfnce Itvev \\d Cow vrd F Skixn-er MD 

Memphis Tenx 

T\ TIIL course of performing some one hundred and fiftv supraclavicular 
I biopsies for \arious chest diseases vre have encountered several eases with 
complete thrombosis of the internal jugular \ein secondare to the intrathoracic 
disease \\ e would like to sue two of these cases m some detail m this presenta¬ 
tion is there is little mention of this complication in the literature 

There arc however numerous instances reported m which thrombosis of 
the internal jugular vein occuued secondare to some disease in the lateral 
sums or followeel operations about the nose and throat 

When a surgeon doing a routine supraclavicular biopsv encounters a 
thrombosed internal jugular eem a problem is ra sed If the condition is not 
Tfcovmwed lmmediatcVv an attempt might be made to remove this mass on 
the f dse assumption that it was a mass of matted Ivmpli nodes This could 
!m< tit d results Wc have used n small needle to aspirate the thrombosed 
juuulir vein when it is exposed at surgerv but have been unable to obtain 
enough material bv this means for a Papanicolaou stain We have considered 
usiiu: a needle with a Saieer hole for the same purpose anti tins probable could 
be done with ■-afetv however so far we have not tried this 

The t aso> reported bv Dr ^eheshtor m lus papei entitled The Superior 
Ytrnrac i m ndrome although not identical with those we are reporting are 
similar enoiitrli to be of interest In searching the literature he found 274 
< asos oi superior vena cna svndromc which were confirmed sufficienth to he 
01 statistical tnifiortame \ppro\imatciv Ta percent of all those reported cases 
vun taused either bv prvmarv uvtratboraeie neoplasms aortic an cm v sms 0 i 
Iviiipliom is Tin i isos due to aortic anourvsm have decreased in number in the 
ie< cm litinture Dr Vlushtir reported tv eutv two eases in hs series from 
\i vv tirhans He st it<d tint almost all eases ol superior vena eaval obstruction 
!>' mtr ttlioru a tinlminmies were timed hv direct invasion of the venous 
" dt l>v tumor lissm He found an mndenec of 11 per cenl imohement and 
o ''trm turn ,,f the sipu nor vena e.iva in primarv careinom of the lung He 
ton. luded that siip.ror vena end obstruction is not nearlv as rare as w is 
form, rlv i»htvi-d 


t V'! 1 riDUTs 


> M I 
r > » 1 Id t* 


-Mr I \ w is n "lute nilm .s nars of age Tins patient tn- first i<l 
, , ( bspn < M,a u r p ni VI. nil,. T-nn , m Vug s jo-, Fort!,, proefl 

„ '' Wnos. m.l , <!n 1 arkvng cough S 1 , P 

J.V . '•ht «lsV lnfll.a.l flu n 

Punrgtl. not P ruMm ? n 
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lnd been somo swollen glands in tho neck Anorexia and some weight loss were also noted 
There were no known tuberculosis contacts and she had no hemoptysis, fever, chills, or night 
sweats There were no gastrointestinal, genitourinary, or gynecological symptoms. 

Physical examination showed the patient to be an elderly white woman, orthopneic 
but not cvanotic There was a diffuse tenderness over the left side of the neck but no 
definite nodes were palpable Breath sounds were absent and coarse rfiles were heard above 
the right leaf of the diaphragm, with some flatness to percussion m this area, and with 
scattered fine rilles over the left lung There were noted a diffuse tenderness of the abdomen 
and a questionable liver enlargement There was little change from the condition shown by 
a. previous series of films made at the Houston Hospital, Houston, Hiss, on July 2S, 1953, 
through Aug 1, 1953 All the films demonstrated an irregular collection of fluid yust above 
the right diaphragm with questionable enlargement of the right hilar shadow The ndmis 
sion diagnosis was "right pleural effusion of undetermined origin ” 



Fig l Fie 2 

Fig 1 —Case 1 Mrs D. 4 Aug IS 19 = 3 This film demonstrates a small amount of 
fluid in each pleural space, with questionable enlargement of the right hilar shadow and somo 
congestive changes in both lungs 

Fig 2 — Case 1 Mrs E. 4 4ug IS 1953 Right lateral film A marked senile kypheds 
is noted with some pulmonarj emphvscma and again the small pleural effusion and passive 
congestive changes In the lung 

Examinations of sputum and pleural fluid were negative for tumor cells Indirect 
larvngo'copv and bronchoscopy were essentially normal except for slight edema of the mucoso 
of tho right middle and lower lobe orifices, but no secretions were present on either «ide 
The patient was «lightlv orthopneic before bronchoscopy so the procedure was done in the 
sitting position The bronchoscopic sputum likewise was negative for tumor cells 

A complete blood count was within the range of normal limits nnd the unnnlvus was 
norma] The 4 T)BE test was negative 



CILTI AND SKINNER THROMBOSIS OF INTERNAL JLGCL.AR VEIN 1 ' i ' 5 

On Aug 10, 1653, a left supraclavicular biopsy was performed under 1 per 
Novocam infiltration anesthesia. A two-inch incision was made over ^B^ZTdiB 
mu=clc on the left horizontally, midway between the mandible and dande. ^ tj* 
non the mass underneath the sternocleidomastoid muscle was explored and there wasaotM 
a complete thrombosis of the internal jugular vein The vem was larger than normal and 
verv succulent but firm It was aspirated with a small gauge needle but no ** 
could be found in it By following the vein downward, it was apparent that the 
extended to the junction of the internal jugular and subclavian veins We considered gu g 
the vein to prevent emboli but this was not done as we feared it might pinch off another 
blood clot It was suggested that, if ligation were to be done, it probably should be per 
formed at the lowest portion of the internal jugular vein, with the patient under general 
anesthesia. No biopsv was taken The incision was clo«ed with interrupted subcuticular 
sutures of No 000 chromic catgut The postoperative condition was good 

l)r \\ \\ Tnvlor saw tins patient in consultation with us and the final diagnosis was 
congestive heart failure with completo thrombosis of the internal jugular vein She was 
put on appropriate cardiac medical therapy Inasmuch as she hnd had some thrombophlebitis 
in I lie legs preuouslv, we considered her to have a migratorv thrombophlebitis If anv 
future embolic episodes occurred, it was suggested that anticoagulant therapy be started. 
The patient was discharged from the hospital on Aug IS, 1953, somewhat improved clinically 
Bolero inti nor and luUril chest films made \ug IS, lbol, showed a bilateral pleural 
effusion The heart was obscured bv the pleural effusion to a great extent and therefore the 
r irdi ic size could not be accurately determined There was considerable kvphosis of the 
dorsal ypme There were some calcific plaques in the aortic arch. Films made a week later 
showed a decrease in the pleural effusion, bilaterally, but congestive changes were noted 
in both lung fields 


roncestiy 


in lung uems 

Commint —Tlu« patient had a complete thrombosis of the internal jugular vem, with 
Mne heart failure, and a migratorv trpe of thrombophlebitis 


Cv$E 2—Mr T C was a white man, G1 vears of age This patient was seen m con 
'■ult ition with Hr \Tthur \\ Orion at ^t 7o«ipli Hospital Memphis, Tcnn , on Nov 10 
l ft M He gave n history of an injury to the back and right shoulder, due to a fall sustained 
six or scycn years previously Paring the past several vears, he had noted a drawing sensn 
tion m the nee} on the right rule Tyvo or three vears before the neck had become sore and 
stiff hut eventually thi« had disappeared almost completely Two yveeks prior to admission 
'I tie hospit il the necl condition hnd flared up again with swelling and extreme 
b ndornoss lie had noted some earache He had a dry, hacking cough with ycry little 
rputum His aught wn« fairlv stationary at 115 pounds He stated he had had headache 
all the preceding rummer and some yveakne's in the legs also ne hnd hnd several spells 
during which In filt faint but had never completely lost consciousness His customers, 
I"'" '• r bail n murk d on how poorly lie looked at such times Two weeks before admission to 
tke hospital he had noted a rattling in his throat He reported having colds 0 f a persistent 
mUiK o\or\ winter 

l’lnpi-al examination rcioalcd a well developed, well nourished wlnto man, who did not 
appar a. ii eh ill There was a diffuse mild tenderness and slight spasm over the right 
Mmiochido t istmd mu d. No well defined mars was palpated No supraclavicular nodes 
wen d>mom-tinted Tlic Timainder of tlio physical examination was essentially negatne 
>1 tp* for a slight wntchglass fingernail tendency 


\ rav file s of iln che t showed a ground glass appearance m the upper portion of 
’ " , ; h " rh,rh " n ' mor< ' cxtcnsiye on the right side There appeared to be n tumor 

•a <IM,. I Iil.r O', a bon -nth tlm meibastmal pleura, which was homogeneous in dcns.ty 
1 l! ‘ • n,low 0n the lateral film this tumor wn« m.dwnv between the an 

• .0 n~d , '‘crier wall. Our first ,m r rc‘..ou was that tins was n “mediastinal tumor 
i ire cTmae.] oiur ’ 


N, w 


Ha Noy U jo,' n right 
ii Iv i* 1 tw 11 - nae-tl i *ia. 


•upraclaviculnr lm>p«v wa« performed, using 1 per cent 
A portiea of tin ‘‘erao ludomastoid muscle was removed 
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for biopsj No enlarged lymph nodes were found but tv,o or three nodes were removed for 
studj The internal jugular vein was identified and was found to be completely thrombosed, 
and slighth enlarged The wound was closed and a cist on the bach, which contained Borne 
calcification, was then removed. 

The pathologic report was "sections of the muscles show well developed bundles of 
striated muscle There is a minimal focal, chronic inflammatory cell reaction The blood 
vessels are not remarkable There is np evidence of collagen disease Cervical nodes show 
no tumor ’ ’ 



Fig 3 Fig 4 

Mg 3—Case 2 Air J C Nov 9 1963 There appears to be n tumor in the right hlhir 
area beneath the mediastinal pleura This shadow Is homogenous In density with the modi 
nsttnal shadow There In a ground glass appearance over the upper portion of the right 
lung field and to a lesser extent over the upper half on the left 

Fig 4 —Case 2 Mr J C Nov 10 1953 Right lateral film demonstrates the tumor to 
be located mldwaj between the anterior and posterior chest wall In the hilar area There Is 
also some Infiltration In the right middle lobe area 

Bronchoscopy and an indirect laryngoscopy were performed on Dec 15, 1953 There 
was considerable purulent sputum bilaterallv, clncflv on the right side There was approxi 
match a 25 per cent narrowing of the right ninin bronchial orifice with some redness in 
this location The remainder of the examination was essentially negative Secretions from 
tho right nmn bronchus were negative for tumor cells Several expectorated specimens of 
sputum weri negative nho for tumor cells On cultures, the sputum contained no tubercle 
bacilli or fungi, but rare gram positive cocci were obtained 

The electrocardiogram wav normal, as wa« the unnalv«is The blood albumin globulin 
ratio wav normal Tin In moglobin w i« 10 5 Gm rid blood lounl 4 5 million wlnti < ount 
11 S50 A sternal pum turt wn» done Dec 29, J f '5’ > , and resulting paraffin sections were 
negative for Hodgkin’s disease Although no definite pathologic diagnosis had been 
t-tabliohcd ehniealh we felt that the patient had n bronchiogcnic carcinoma with complete 
thrombosis of the right internal jugular vein He was given 40 mg of Mustargcn intra 
vcnouslv in divided do-cs and discharged from the hospital He apparently did well for 


V 
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two month? He next heard from on Feb 20, 1054, at which txme he wns admitted to 
the Kcnucdv Aetemu? Hospital in Memphis On admission, he was in extremis and tea 
mittmg diagnosis was terminal bronehiogemc carcinoma of the lung with superior vena cava 
obstructive syndrome The history obtained from the relatives was that the patient a 
tolerated the che--t and neck pain much better and had improved clinically following the 
nitrogen mustard therapy until a fen dais before admission to Kennedy Veterans Hospital 
Three neck* prior to admission to that hospital, he bad developed a bilateral thrombophlebitis 
of the lower extremities which was still present on the nght side at the tune of admission 
Three dais prior to ndmi?sion ho developed hemoptysis winch bad become moTe copious on the 
dav of admission 

On physical examination, he was monbund, with pulse of 120, blood pressure 97/60, 
temperature 97° F The skin was of a lemon color There was some residual edema of 
the orbital tissue? oicr tile face upper thorax, and upper extremitns but no cyanosis Pedal 
edema ua« present There was subcutaneous edema of the thorax, upper extremities, face, 
nnd neck Impaired tactile fremitus was noted over the nglit ba°e with breath sounds absent 
in that location Above this nren was a definite expiratory wlieeze Bales were present in 
both ha«es The heart tone? were di?tant The liver wns enlarged, four fingerbreadths below 


(In costal margin Xo hmphndenopathv wns present The abdomen was essentially negative 
The chest film showed considerable mediastinal lvniphndenopatliv with a pleural effusion at 
the right base and scattered parentln mil infiltrations compatible with an extensive bron 
clitogenir carcinoma The white count wns 19,S00, with 10 6 Gm of hemoglobin, red blood 
rount *’0 million and the unnalvsi? was normal The patient died on Feb 22, 1954, at 


20 pit and an autopsi wn« performed The pertinent findings from tin? examination 


urr< n q follows 


Juoutar Jem and Thoracic Duct —Sections from the thrombosed area in the jugular 
'em nnd from the wall of the jugular lem high up showed onli thrombus material occluding 
tlui structure The thrombus mntonn] wn? attached to the will nnd had pnrtinlh recanahzed 
Vo>d of (he thrombus was organized As one came down toward the junction with the 
mnonimnlc loin, lioweier, definite tumor appeared in the \ein and blocked tlie entire opening 
of the thoracic duct into the jugular \cin The thoracic duct wns greatly dilated nnd com 
phtfh filled with tumor 


The Finot Anatomical Htmtnosis—1 Bronehiogemc rnrcmomn, Tight, with metnstases 
0 " ,l ' lung, adrenal? hidneis and left reetu« muscle and direct extension to the medi 
tHmiim with imolicmcnt of the superior \cna envn and the thoracic duct Metnstases al?o 
"ore pro ent m tin heart 2 Thrombosed internal jugulnr \ein, secondary to tlie tumor 
There were metn?(n«e? also in tlie jugular vein 7 1 erruens iegctation« were present in the 
triru-pid mile nnd the right icntriculnr cniiti 


(am mi nt —Tin? second ea?e wns n bronehiogemc carcinoma which had extended, enu? 
ing inmpleie throttihosi? of the internal jugular icin 


GONCT Go-IONS 

Intmhoruu disease ran cause thrombosis of the internal jugulai \eui, 
tin most tontmon of iheso diseases being liroriehiogemc carcinoma To tlie 
snrgdin this possduliti is \en important nnd he should keep tt in mind when- 
' ur be is [ietforming n supimlnxiculnr lnopsv Two illustratno cases ate in- 
t htdt d 
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BEMCHOLX 4ND CH4LKOT SCKGEKT FOR MITKVL IXS1FFICIENCY lol 

Expenments on. animals should be able to pro%e the efficiencv of one of 
tlie^c operations Unfortunateh am expenmental mitral msufficienev m 
animals can compare onh louglih mth that m human beings lu a dog one 
can produce the latter onh be means of a senous valvular injure, which is 
exceptional in the human being The i upturn ot a xahe is sec ere and oiten 
tatal due to the sudden liemodc nainic disturbance which it pioduees Xoi 
is it accompanied In am ot the valvulai and tendinous retractions which one 
usualh finds in lheumatic endoeaiditis Thus animal experiments aie inexact 
and core difficult to ecaluate toi the surcnal of the dog is rare Tlieietoie 
the effieiciicc ot am suigical treatment toi mitral msufficiencc must be judged 
In operations on man Unfoitunateh it is difficult to auixe at a conclusion 
at the inescnt time Tin statistics all each published are incomplete and aie 
too cautious about the causes ot death and about the condition of the patients 
who line sunned the operation 
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Our lcseirch on the suigical ticitimnt oi initial msufficiencc started m 
I'd ,\t first wc experimented with a \million of the method of Gordon 
^lurrn iisiinr l ti wisuntii. ul n pericardium fl ip 

Our r. suits confirmed those ot formci rescirch woihcrs It consisted of 
i b ini'll op. i it ion well withstood After ope inns the thorix and peiicardium 
mi. nits irom tin littir i puluiu ul ited stiiji It is tlun sewed m a finger shape 
’ "" 1 (ln V Uc\erdui .uire.l luedl. is mod to cross the hit xentnele 

1" r P< ndi. ul irh mil puk up the end of tlu pern udial llap and introduce it 
mt" the c.ntiii ul ir . nit\ One . m cither att ich this end to the opposite 
'uun.uhr w ill or 1. nc it tin 
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this stup theoutic dh should he set oil an axis perpen 
norm \l rnnr d oiilu e lint lor ob\ions anatomical reasons 
Hioih md shown on i sduini i Tni 21 the stnp can he 
xis ot th. mitral op. mm: In tut this pericardial strip 
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legurgitation is thus a defect m the coming togethei of the two valves of the 
valvular paracliutes The valves and the choidae tendmeae aie shrunken, the 
mitral nng wndened, and the left ventricle augmented m volume (Pig 1) 

THE GENERAL CONDITIONS OF A SURGICAL CORRECTION 

Anv surgical tieatment of mitral insufficient is a question of choosing 
among several possibilities (a) a direct attack on the insufficient vahes imoh 
ing an actual v alvuloplastv (Bailey 0 ), (b) the placing of a prosthesis to fill 
m the gap in the mitial onfiee (Harken, 10 our method 1214 ), and (c) a search 
for a means of shortening the mitial ring (Glovei 11 ) 

But above all, anv tieatment of mitral insufficiency must obev the following 
rules 

1 The opeiation must be simple and speedy In a condition as grave as 
tins, the patient could not enduie long and complicated techniques This 
eliminates, at least for the piesent, surgerv with the open heart using the 
artificial heart-lung Suigery In means of lnpotheimia allows only a few 
minutes of woik, which is insufficient foi lesions so complex 

2 The opeiation must not cause tlnombosis Rheumatic endocarditis can 
of itself be a cause of tlnombosis and emboli But the slightest foreign bodv 
m the heart, above all, it it is in the midst of the blood flow, can induce it In 
paiticulai, one must absohiteh avoid am foie’gn body in the left auricle 
which is the usual site of thrombosis The material of the foieign body is 
also important Fragments of tendon, strips of pencaidium, segments of turned 
back vein, and plastic piostheses lime been used inside the left ventricle "We 
think that the plastic prostheses aie the least likeh to pioduce thrombosis 
But the perfect fixation of the foieign body to the myocardium seems to be 
the most important factor of tolerance Take, foi example, a prosthesis that 
we will desenbe further on When this piosthesis is not completely bound to 
the mvocaidnim, the contraction of the yentricle and the blood flow com 
municate to it a rhythmical movement compaiable to that of the movement 
of a bell This churning of the blood causes a thrombosis 

3 The foreign body must be sufficiently fixed so as not to embolue The 
prosthesis, itself, must be solid and m one piece, to mold all risk of breakage 

4 Last, it is necessaiv that In its -volume, the element of repair, tin cad, 
or prosthesrs should not diminish in am war the volume of the left icntnclc 

Having defined the conditions foi an opeiation winch will not be dangerous, 
we aie obviously limited as how to meet the demands of an efficient collection 
foi mitial msufficiencv The ligiditv and insufficiency of the mitral opening 
are due to the lessening of the sui face and mobility of the valves The i etiaction 
of the chordae tcndineac and the enlaigcment of the musculai mitial ring make 
the unde-mouthed orifice still largci Mill it be sufficient to bring together 
the two borders of the vibes to do avvav until the regurgitation as Bnilev 
practices it? Ought one to prefei the tightening of the musculai ring as 
Glover suggests 7 What arc the reasons foi choosing an mtracardiac prosthesis 
to make up for the valvulai nisufficiencv, and how is one to choose between 
all those that lime been tried? 
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Lvpenments on animals should be able to pioxe the effieiencv of one of 
the^ opeiations UntoiUnniteh am e\peinncntal mitral insufheieucv m 
i,munis can compare onh louglih with that m human beings In a dog one 
can produce the lattei onh In moms ot a senous \ahular mum, nlnch is 
exceptional m the human being The 1 upturn ot a xahe is se\eie and otten 
fatal due to the sudden hemochnamic distiubailee wbieli it pioduces Xoi 
n it iccompanied In am oi the \ahnlai and tendinous letiactions winch one 
uMinlh finds in iheumatic endocaulitis Thus animal e\pcnments are inexact 
and iei\ difficult to eialuate ten the sunnal ot the dog is laie Thcretoie 
the efluicnci ot am singled ticitment ten mitral nisufhcieiici must be judged 
b\ opu it ions on man Unfoi tunateh it is difficult to aune at a conclusion 
at the pi esc nt time The statistics all each published are incomplete and aie 
too cant ions about the causes ot deitli and aliout the condition ot the patients 
who hau sui\net! the opeiation 
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• tin rise in h on the singled tieitnumt ol initial insuffkieiio\ staitcd in 
l'>t At iirst \\ c ixpeumontid with i \ mat ion of the method ol tloidon 
Mmrn Using a ttansniihnulir peuc lrdmm flnjt 

(hu i esults . on In im d those ot ioinnr icsciiili woihers It consisted of 
i huiun op. ration well withstood \ttoi opening the thot i\ and poueardnim 
"in i ms trom tin littu a pedum ul ited st up It is tin n sewed m i fume r shape 
’ "" 1,v 1 un ^ Iu\oidin ciiiced needle is used to eioss the lett eentrule 
!•' i pi udn nl ii h md pnk up tin end oi tin peiie nelial flap md introduce it 
till Miitii.nl 11 <mt\ On. .ill e it lie i ittieli this end to the opposite 
'oUrnnlu will oi 1. iu it tr>. 

1« bt 'hi-i.nl this strip tlieoi.n.alh should h, set on an ims perpen 
')' " ,hl ""mid null d out.., But tor ohenuis an itoimnl re isons 

1 ’ 1 " 1 Un,,k 1,1,1 "» 1 oh.mi (1 ,g _>> the ship tm be 

p.rdhl the .\.s ..I th. nut rd openum In t i, t tins pun mini strip 
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al\\a\s scleroses and thus loses any value "We have been able to lenfj this 
on a group of three dogs, uluch when saeirficed, 75, 105 dais, and more than 
1 icai after the opeiations, all showed the same scleiosis of the flap Therefore, 
we planned a piosthetic intracaidial piece to be fixed against the myocardium, 
undei the posterolateial \ ah e 

DESCRIPTION OF OUR METHOD 

Since 1951, we have been searching foi the ideal foim for this prosthesis 1 14 
We ha\e used diffeient tjpes of lens and, also, swoi d-shaped pieces in plastic 
Finally, we liaie chosen sphencal balls, perfectly smooth At first, the ball 
uas fastened bj a steel wiie, passed through the ball, whose two ends, after 
passing thiough the imocaidium, could be drawn taut and tied on the outside 
But expeiience pimed that these wires broke quickly, theiefoie, we use a ligid 
type (Fig 3) It is composed of a spheie, whose dmmetei depends on the 
size of the initial ling and the heart lolume The spheie has on one side of 
it a shank tlneaded along all its eneumfeienee, except foi 2 symmetrical flat 



Fig" 3—The brill we are using 'Note in the middle of the flpure the countcrscrcw 
which glides along the slmnh and at the right end the screw which Is fastened on tne 
shank 

sides These 2 flat sides act as a surface for a countei screw which cannot 
turn to glide along the shank Another screw is fastened on the shank, this 
sciew fits into an opening cut out of the oiitei side of the conntersciew As 
soon ns the sciew is placed in. the counterscrew, it is firmly held bi a lock-nut 
pnnciplc The balls we ha\e used had a diameter of 10 to 15 mm Ate hn\e 
used shanks 25 mm long, ending m an eielet hole, through which a draw 
thread can be put 

Access to the lieait and more espccialh to the left icntiicle is made bi 
an anterolateral thoracotonu as low as the leiel of the seienth intercostal 
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space One must be able to appioaeh the posteiolateial surface of the left 
\entricle which is adjacent to the diaphiagm The peiieardmm is opened b\ 
a longitudmal incision, paiallel to the phiemc none Opening of the auricle 
and initial exploiation aie done m the usual mannei The lattei, liowc'ci, 
is the guide m the choice of the size of the ball and of its position undei the 
posterolateial 'ahe With the mde\ fingei alwais m the auncle a blunt ended 
Reierdin’s needle is mtioduced into the icntncle (Fig 4) The point of 
appioaeh must be clearlx known, it is situated immediatelj behind the cir 
cumflex aiteij, a blanch of the auneuloi entncular alter', 2 fingerbieadths 
undei the aunculoientnculai gioo'e, m othei words, m the part most posteiioi 
to the lentnele The needle pieiees the lentucle lapidh and then enters the 
atrium It comes out along the mde\ fingei One cjuickh passes a thread 
which secuies the ball by the end of its shank The needle is then withdiawn 
through the mioeaidium The index fingei is then lemoied from the auncle, 
which is clamped Following this, it is easi with a little expeiience to pass 
the ball quickly into the auricle, without am appieciable loss of blood The 
fingei follows the ball which, pushed fiom one side, diawn In the tiansm'o 
caidial thread fiom the othei, is to be fixed in the required comer (Fig 5) 
Then all that is necessaij is to slide the eonntersciew, to fasten the scicw, 
and to cut the obtruding part of the shaft (Fig 6) Aftei anothei \enfieation 
In the mitial fingei, the auricle, the peiieardmm, and the tlioiax can be closed 
The operation is simple and does not entail much loss of blood It should last 
not moie than one and onc-half horn's 

MATERIAL AND RESULTS 

Thirti seien healtln, adidt mongiel dogs weighing fiom 10 to 30 kilograms 
were used for this expeiiment 

In a first gioup, we opeiated on the dogs using diffeient ti pes of piostheses 
On one dog, a ball fixed to the nnoeaidium bj a njlon hammock lapidh 
embolized To lessen mobility of the ball, we put a steel wue through it The 
two extienuties of the wue after passing into the miocardium were tied outside 
on a small plastic button On othei dogs, a spherical ball was used three times 
and a swoid-shaped piece just once Aftei these opeiations, three dogs died 
within 24 hours Anothei died of endocaiditis on the twenti fourth day as 
a lesult of the beating of the insufficient!' fixed ball Last, a fifth dog had to 
be sacrificed on the fortieth da' The ball had been seemed b' two wares and 
onh one w.is found intact We, also, found that the prosthesis was filial' 
enclosed under the posteioextcm il 'nhe and co'eicd hi a sheet of fibrous tissue 
continuous with the cndocaidmm aiound it 

\Yc gn'c up this method of maintaining the piosthesis because (a) the 
fixation was insufficient (b) the fixing wiies biohe almost e'en time 

In our second gioup we used the Plexiglass ball with threaded shank 
The opoiatnc technique used was that set out and described at the beginning of 
this papei 
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Id twnit\-two operations on dogs 

in (lied within 12 da\s following the operation 
1 died on the thirtieth dai 
f> were ‘sacrificed between 2 to 3 months aftei 
3 were ‘sacrificed between 5 to nine months after 
1 was sacrificed after 22 months 
1 is living after moie than 23 months 


The causes of death weie 


2 due to pleural enipa ema 
5 due to operntn e hemorrhage or anoxemia, and 
fi due to thrombosis and emboli lesultang from 
malposition of tbe ball 

The ek\<n dogs that died were among tbe first thnteen operated on in this 
group while we wile looking foi a good technique The most fiequent cause 
of deith was embolus coming from the tlnombosed aieas aiound the piosthesis 
In ill these eases the piosthesis had been mcorieeth placed in three dogs, the 
hill was lound to he m the atnum, its shaft pieteing the small vahe and in 
three other dogs the screw hael been insufificicnth tightened and the ball was 
loose m tlu \cnUicle "We think that those malpositions weie the cause of 
thrombosis mil emboli Since we liaee succeeded m placing and fixing the 
hills inriedU, these complications ha\c disappeared 

The stiul\ of the eleren sunning animals has shown an excellent toler- 
mu After tlie postoperatnc period thee liaee lned noimal lnes among the 
otlicrs in a bur kennel All the animals sa\e one weie sacrificed at different 
piriods hi tween 2 and 22 months The animal examined 22 months after the 
npi ration w is one winch k mouths aftei the operation, had whelped a big 
litt( r One dog 21 months afterward is In mg and m good health 

Oni examinations line shown that the heart has ne\ei mcicased m sire 
I xurndh time w is no oudeme* ot the operation except for a slight pen- 
(xrditis thiikiiud i little it tin point of the locknut The caidiae entities 
iiaee inter r<\, ded signs of thiombosis The prosthesis was m good position 
'•I'd' r tiu posti ml ite i d \ dee huh time it was seen to he eoteicd be tissue 
"hull to tl i naked eve w is a (oiupletc continuation of the adjacent endo- 
• H ilium il ig 7i Mu rose npK (xammation showed this coteimg to hue all 
tin histohun il <h ir i< tenistiis of ibe endocardium (Fig S) 

''ur third giuup lousistcd of tin dogs The mu w is to create a mitral 
uisufiw u in \ md tin u to torn it it In mt ms of mn piosthesis \\c showed 
iitlur tint im sin h liisufh, mu \ produced nmiiuulh cm simulate onh 
p torh ilu pitnrns oi tbit tound m human bungs wlnh on the other band 
n nun oi » In mod' n min dtstuth uu 

W. op, nlid m th< lollowitu m mnu )*,% liuaus of two pohthcne 
ri I'""'' uttiodu, • ,1 mho i bit jmlmoinn r i in thi piissuris of the aurn le 
md tut Utimd, wu, r._ist«nd mhuiIi memish n„o (ll these , lt hcUrs led 
’"il,, ilium aid tin oi In i to ilu hit \ mt rule 


1 iM,„r, difiu ult tti hi on, Mines t„ d,st,an i mitral r alee m a iionn il 
""" " im 1 M 11 ' !m ~" < 1,1 ,5< ’ l«.tle damage to tbe eotals md \dus 
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Fig 7—The heart of a dog sacrificed tvventj months after the operation The prosthesis Is 
covered bj a tissue in complete continuation with the ndjacent endocardium 



Fig V—VIlcro«coptc section o the tissue covering the prosthesis tv\cnt> months after 
operation (same animal ns in Fig 7) A The cardiac lumen \ 11 the structure of an endo 
cardinal Is reproduced 


■\Yc devised n special valvulotome m the fonn ot a sevthe The index fhigci 
holding this valvulotome was introduced into the left auricle, and cut the 
insertions of the posterolateral valve in whole or in pait It is difficult to 
proportion the lesions One can estimate them onh after obseivmg the 
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hcroodwiamic alterations At this point of the operation, hemostasis of the 
mnde is harder to accomplish The blood jet is markedh more forcible The 
pressure in the auricle is eonsiderabh raised and lowered m the ^ntuele 
Mitral regurgitation is CMdent and it it is not lmmediateh corrected, death is 


almost instantaneous 

When our prosthesis is fixed the clinical and hemodvnamic signs disappear 
iniiiicdntch Auricular liemostasis becomes easier and the force of the pulsa¬ 
tions of the ninth lessens Left aur tular pressure though eonsiderabh 
hound doe-, not rcaeli the noimnl preoperntne lead registered This fall m 
auriuihr pnssurc results in a slight use m sastolie pressure and a diminution 
in diastolic pressure in the tentncle One can see tins in Fig b 
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practice, am ball badh ganged foi the mitral orifice, madequatelx fi\ed, or 
in a wrong place, results in a thiombosis, alxvaxs fatal This, m oui opinion 
explains the failuie of am mobile piosthesis in the xentncle Following the 
opeiatixe technique described, the ball is put into position in less than an hour 
The immediate postopeiatixe piogtess is unexentful The latei results were 
studied after an internal of 23 months Chnicalh, the presthesis has been 
well tolerated All the animals base lned noimallx among the others Micro 
scopiealh, the toleiance of the ball is pioxed bx the covering of xasculai coil 
nectixe tissue which mcoiporetes it in the mjocaidmm This cohering dexelops 
as early as the second month Thus, the piosthesis quickh loses the cliaiaetei 
istics of a foieign bodx, and becomes a nature! element of the nn ocaidnmi 
It acts as a shelf support holding up the posterolateial xalxe and, in addition 
bx its volume, it parth occludes the aiea of leguigitation 

Oui theoietical ideas on the xalue of the piosthesis had to be xenfied In 
expenment We liaxe been able to cieate a initial lnsuffic encx m a certain 
number of animals Immediately afteiward, dining the same operation, intio 
duetion of our prosthesis has caused the disappeaiance of all the liemodxTianuc 
signs of leguigitation No dog of the last gioup sumxed, death being caused 
by shock and, aboie all, bx liemonliage due to the cieation of the mitial msuf 
ficiency and the use of liepann foi a continuous pressure leading 

Thus, x\ e belicxe that x\e liaxe shoxxm oui presthesis to be xvell tolerated 
bj the heart and efficient foi the correction of mitral insufficient:} Hence, 
its use on man is indicated We mil grxe the results in a later repoit 
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INTR ADIAPHRAG3IATIC CYSTS 

How vrd J Kesselek, M D cxd Herbert C Muer, 31 D 
New York, X Y 

t\TR \DIAPHRA<YMATIC casts aie lare and then preoperatne diagnosis is 
L unurt mi In ment surgical literature we found onlv seven eases of cvsts 
withm tlu diaphragm 1 ' To these we add an nitradiaphragmatic bron- 
(hogcnu ust Thfse eight cases melude onli those cists which seemed to 
In actualli within the musculature of the diaphragm Cists attached or lung 
ulj ittnt to tlu diaphragm are much more common and me not discussed here, 
llthomrh tmbranlogieilh related to the nitradiaphragmatic cists" 10 


c \sF report 


\ -11 year old white worn in w i- lio-pit ilize.l lvecouse roentgenograms of the chest hail 
riM-ali 1 a mi's in the rvgion of tlu left leaf of the diaphragm. S] ie essentially asvmp 
tom it>i although --hi hut a dijit lira lough Chc-t roentgenograms hail been taken two rears 
in 1 no vear pnviouslv Onninnllv the-e film* hail Icon reail as negative but on re- 
i \ imm itum s’io'u I the «ime oval area of increased density overshadowed In the cardiac 
11 1 n tt i 1 1 „ 1) OnK a 'light im nasi in ^izi hul onurred in a two rear jieriod 

1 n nt_iiii inpi mdteattd that the le'ion moved with the diaphragm and distorted slrghtlv 
tf ndjari nt diaphragmatic contour in some phase* of respiration Roentgenogram of 
th r’i t in the ri„lit Intent ncumbent po-ition suggested that there was a 'light altera 
tun m th >ti i|» of tli b ion with ihnn„i in position Thi« film had lunn t ihen to determine 
w! ttn r tli n i ' i iti mti 1 l* low tin di iplingm but overlving ill nsitie- ob-eured the lower 
jHird m I,e tin h 'ion \ diagnosis of possible ii'tu h-sion in or near the diaphragm was made 
\n • \j lor itorv oja r-ition vva« pi r formed in the lateral position through the left eighth 
nit r 1 ari Till j leuni envitv wa* fru of nilhe«ion« and fluid The lung was normal 
In [1. pn'ti rotate rat portion of the diaphragm a totalized elevation of the diaphragm, 
wli h nt fir t glance *n_gi ti d partial eventration was noted Incmion in the deriving 
i‘m| 1 ra^tr ati [ li ura • xp»«i d a lar„e nmltilneu'ateil e\'t within the musculature of the 


hnj l tv..i nml mtimatih a- ociatid with it Tlu inferior aspect of the evst extended 
turn! tli I-nturiiiin Tin major portion of tin cv-t in< directed toward the pleural 
i it v Tli Idoo 1 lip; It i on i tid of a ■} nun urterv nppaTi ntlv arising directh from 
tl' a n Tin nrti rv was acrompann il bv a vim at the medinl nspert of the cv«t The'e 

VC ■> «< r hot* 1 mill til c\-t » a'llv . vein d without j^netratinc the peritoneum The 

!“ ! raitvi r mci v i*um\< it fill 

I’at! 1 _ic .V 11 tnatii.il r V all 1 n " In 7 bv “I rm nmltiloeulated thick walled 
' s r 1 >' 1 ' '’li'' "t "at. rv nmt.rial Microscopic examination showed that 

' rv t ii i luol 1 i dbati 1 columnar «puhehum suppled bv a loo-c connective 

’ ' r ' 1 1 h II 1. lntinat.lv n ncint. i with th< sri noth must I, of the evst 

' ' ’ r, ‘ lT ' 11 ” r ’ "1 tl* h >1 hra^n Tlu diagnosis. was bronehogt me evst 
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1!- «iju ttitr uli vplir i~ui tin ( vsts njmrt.d all into three groups 
' T ’ 1 ’ lh "' H,u ,lir " ‘ Ms "i mw.thvlnl cast two Immth.igunc 
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vsis nnd the tlmd gioup consisted of thiee coses of a tluck-cs ailed fibums 
; 11 of uncertain ongni a, .lesu.W.l In Scot. »»<! Morton,- Ctagatt 

and Tolmson, 4 and Hobson and f olhs 1 The fiist tuo gioups lepiesent forms 
of nnbnomc sequest. dion of mcsotbelinl oi pulmonary elements which lime 
lost (ontimuU with then pment tissue 



\ 


1 


Hr 1—< I o*t« rount< rior r<x nt^f noKrnm arrows Indicating an cnal shadow of 

Imi* if *d (l«n<U\ pirtU <»h curl'd b> tlu cardiac MUiouctlc Note the relationship to the 
diaphr tkm 

/ J fi Ini r tl pr« J illon sIuwh tlu m im to hi po«t« rlor The outline of both leiwo* 
of th ll \\ hrurm apj* ir^ t» pint* from the muo Till** dim did not suppest that the e\st was 
Intr i U n hr icmatlc 


Uu nit sot lu lid tests i\(n desuibul hi "\c hinder and Vitkin 1 and 
< ruithshinh md I nmhslumh Tin 1 ittei autliois ascuhe the deielopinent 
of s\n h i\si>, is risultinp fimn tin pimhmp off of tlu nl\ antmp cdpes of the 
si ptum ti itisn rsiun tlu pit in opt i h udiil md tin plenropentoncal mem 
in mis is tin \ prim ton ml null otlur mid fuse to fntin the diaphnpm la- 
rors m tin dt \ t lopnii ut ot thrsi thm stint lures at tount fm the met (used 
no nh in i ol ivstsm md lust nlim i tlu diiphripm' 

Tin st mid fmm ot supit sti ition noltd m this pioup ol cists is the 
hrniii hopi uu i\st Tin wuhspu ul sitis of hrmuhopum tests m the tlimax 
hi\i hmi disi iism d h\ M in r” in n liitimi to tin ir sMuptmintidopc and dnp 
Hi, \ ist ul ir f it tors in tin d« \ t In ]iiik ut of hi mu hopi nit sequt st i it ions 
hi\< Inm thsirihid md tin it sipmtuaiut disnisvtd In l’nu Selhirs mid 
llnr md Pruuir < Input md MtDomld’ It sums prohahlt tint tlu 
mss mi n in tin lin di isliimin diaplu mm md uppi r ihdmiun r< pit suit m 
• uK i into \ 11I0..11 il ihimriii dit\ w hn h di \ i lops In t ms< of th, muntuimit 
’!o d ml ul ir inlu \i i ordinp to l’riu'* nils ot tin pnlnion in 
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ridge are lield dorsallj bj these i essels as the main pulmonniy cell mass grows 
lentially and caudally These cell nests theieby lose contmuiti with then 
paient tissue, letain then systemic blood supply, and deielop independent]! 
in the mediastinum, diaphiagm, 01 abdomen ,J 1 " 

The origin of fibious cysts irithout a chaiactenstic lining is unceitain It 
is difficult to ascertain whether such lesions aie of congenital or acquired 
origin Similar masses aie oceasionalh eneounteied in the mediastinum 

DIAGNOSIS 

The diagnosis of intiadiaphiagmatic cyst is usually made at operation 
lathei than pieoperatn elr smce the cjst cannot easih be diffeientiated from 
a tumor mass Primary neoplasms of the diaphiagm me moie common than 
cists and then piognosis is moie senous In a leeent lenew In Ciinim and 
Kieehle, IS 38 cases of prininn tumoi m the diaphiagm weie analyzed Six 
teen were benign and twentv-two weie malignant tumors In this collected 
series, about 58 pei cent of the tumoi s pi imam in the diaphragm iveie 
sarcomas 

Othei conditions ivhich mar entei into the diffeientia] diagnosis of a cist 
in the diaphiagm aie basilar lung lesions, paitinl eientiation of the dia¬ 
phiagm, cists of the peiieaidium 01 peiicaidiophienic angle, diaphiagmatic 
hernias, tumors of the hiei echinococcus cists, intiamuial tumors of the 
esophagus 01 caidia of the stomach, and neoplasms of the adienal or kidnci 
Snnptoms associated with cysts m the diaphiagm laned consideiabh 
and none aie pathognomonic Foui of the cases weie asjmptomatic and rep 
resented chance findings on mass chest suiyeys The othei foui cases had 
low chest 01 abdominal pain shoitness of lneath, oi a nonpi oductn e cough 
Posteioantenoi and lateral loentgenogiams of the chest mil usually dem 
onstiate the lesion Occasionally the cist mai be oieilooked due to supei 
imposition of the caidiac silhouette oi because the density does not project 
sufficienth alioie the shadow of the diaphiagm The lateial lecumbent roent 
genogiam may indicate a change m shape of the lesion suggestue of its cistic 
nature, or dcmonstiate an mfiadiaphiagmatic projection Roentgenoscopi 
and bamim studies of the esophagus stomach and colon will assist in ruling 
out lesions of the esophagus hiatus henna and herniation thiough the 
foramen of Moigagm Sectional bodi roentgenogiams mil help distinguish 
lesions in the lung Retiogiade pictography and ietioperitoneal oxjgen m- 
suffiation mai be used when a question of supiarenal oi icnal origin of the 
lesion arises P>eck Clough and Bioclm 10 iccommended pneumoperitoneum 
to distinguish paitml eientiation of the diaphragm from tumor in the Inei 
herniations or a lesion m the diaphiagm If a paitial eientration of the din 
phragm can be demonsti ited singled e\plointion may not be neccssnn 
If theic is am calcification in the lesion tuberculosis or echinococcus cist 
must be considered The f asom lntiadeimal skin test mai help to rule out an 
echinococcus ci st 

TREATMENT 

Although cists of the diaphragm are usu ilh not si nous lesions, malnliti 
to differentiate them definite!! flow primari neopl isms of the diaphragm, 
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which are not infrequently malignant, makes surgical intervention neces- 
a low posterolateral thoracotomy approach is recommended Inc 
surceon must wcrtain the nature of the intradiaphragnmtic lesion in orclei 
to determine the method of excision Remoaal of a evst anil not present the 
problem of diaphragmatic rcconstinotion posed bv some connective tissue 
tumors of the diaphragm In excision of a bronchogenic evst, the surgeon 
should remember that the pedicle m the region of the aorta mav contain an 
art< r\ of fair s 7 e athith should he earetulh dissected out 

SLM 1 URV 

( \ sts v it Inn the diaphragm aie rare and their diagnosis preoperatneh 
is difficult Most are diseoaercd roentgenologicallv m a person anth few or no 
sMiiptoms Mirgnal excision he the thoracic appioach is usuallv recom- 
imndid because the cist i ninot avath certamti he differentiated from moie 
serious lesions A reaicia of some surgicalh treated cases has been presented 
mil i personal ease of mtiadiaphi.igniatic hionchogeme evst is reported 
Mesothchal hronehogenu and tluch-aiailed easts of uncertain ongm are ap- 
p irentlx the most common tapes ol ca*st to he found anthin the diaphragm 
similar easts are found more often meiela attached to the diaphragm 01 lo- 
i Hi (I m adjaeuit au as 


111 FFHFXe Eft 

1 hoh mi 1\ aid C olh« 1 I„ Tumor' o{ the 1'iaphrazm With Report of a Ilia 
phra„mnlic 1 \-l Pnt 1 Tuherc 38 3 3041 
s,., tt () i> nn ,( Morton 1> R Prunars <vuir Tumor of the Piaphrazni \reh Palli 

4i rr. p>n. 

X\!md>r PI \ amt \ uVui si \ Mud\ of lnlrnlhoracic C\'t' \n s iDt. Prom 
tin PiapUnRtn Van rhir etg\onec Pennine 37 on JU 4 S 
I < ! i, it O 1 tni) Johnson M \ III Tumor' of the lliaoliracm \m. 1 s ur o- 7 S 
,y 1"4'> 

frumV'lnnV (. and < ruioWunk I) It Intmliaphrozmatic Me'Othelial C"ts 
T) ornx C 14” 1""1 

I'olnar T CJuis , f ill do Intradi iphrazm ltico Bol Lign contra cancer 27 110 1052 
IVHardt O ( Plcuro.liaphra^maUc e.\'l \tm s urj: 99 gj.j J 034 
s U.h r 1 P nn.i *>. liwnrr ) 1 w of the Thorax Out-nte the Pnmtnl Pleura Rnt 

ai 11 s ,i jo-} 

*' ' r „ v m<l <) 1 o ohn R Mi 'Otlmhal f \« of the Umphragm T Ml Sjuai Ho«p 

1G "i 11 1 

1" I'n-h 1 ( ^ au<t H'i”, H I ai,«oihilint Mediastinal C'M~ 1 Tlloi-ACIC ^irG 19 



’* 1 ,\ r "" r I ’ ,llron,r ' \rlon Uith laentohar S(,o UP , Uat , 

, '> 1 -'infs, rn<n,s , p,,,. ^ Itar , 5S 4 , |T ]0(( . * U<? 

^ "ills H i"l" 1 Tr 1,1 'Ihrasmatic \h. rrnnt Rulmonnn Ti«i 

n ’'x 5 ’ \ M ' n * r ,, 11 ^ Nd.cuhnzon Ir Menlo > and I 

1- -<h r Hi't.domo 


on 

u r 


ub^r cb 
Zio B<rhn 

’ \,ma’ o ’ J/v go . ^ - “ f " 1 on '' r ' ''“•I* anil Th. ir 

( *' " m K ' rV 5 1 i.Ml.hmIn.,, I T«.mric«nr 

1 s’ 1 ’. - d tV { /, ,, \ *'* ' lr:i t'oa of tic Pnphrnzr 

a^ntn'our- C>uth'i. ( ! lt; 03 


1' 1 


. 1 1 



TRAUMATIC RUPTURE OF THE ESOPHAGUS 
(With a Report of 13 Cases) 

John AY Overstreet, M D , Houston, Texas, and 
Alt ox Ociisner, M.D, New Orleans, La 

T RAUMATIC raptme of the esophagus is a catastiophie accident which is 
lnci easing in fiequencv and one that is associated wath piohibitne 11101 
tahti and moibidit} unless eailj diagnosis, ngoious lesuscitation, and ilefhii 
ti\e suigical theiapv aie earned out The pathologic anatomy of the lesion 
maj can consideiablv with the lnptumig agent, whethei it lie by diagnostic 
01 theiapeutie endoscopy, an ingested foieign body, a penetiatmg missile, 01 
by an intiinsie foice engendeied hi the patient himself The pieyious patlio 
logical state of the esophagus maj also gieatly influence the tjpe of suigical 
theiapi to be employed, le, diainage, a pnman lepan, 01 lesection and 
anastomosis 

ETIOLOOA 

AALth the mcieasuig use of diagnostic and theiapeutie endoscopj, it is 
not suipiismg that these pioceduies aie the leading cause of tiaumatic rup 
tuie of the esophagus lerueun 5 leported moie than a 100 pei cent increase 
in tiaumatic esophageal mptuies following endoscopy at Mt Sinai Hospital 
m the last decade in compaiison with the pieuous decade Set bold 10 le 
poited 21 cases in the first thntj six years of the Ma\o Clime, with an addi 
tioml 29 cases duiing the yeais of 1943 thiough 1949 The Tulane Thoiacic 
Sui gen Sen ice of the Charity Hospital m New Oi leans saw in consultation 
and tieated 9 cases of tiaumatic peifoiations of the esophagus fiom luh 
1950, until June, 1953, and saw 4 othei cases in consultation one at the 
CliantA Hospital ni New Oi leans and 3 cases at the H P Long Chant} Hos 
pital in Pinenlle, Louisiana Nine of the cases to be lepoited heie weie pi o 
duced duiing endoscopic manipulations In othei sen ices oi outside plnsicians, 
S occiuied in the Clnuti Hospital and one patient was lefened to tins hos 
pital fifteen horns aftei an attempted icnioial of a chicken bone In bouginage 
Foui cases wcic peifoiations winch imohed the conical esophagus and weie 
pioduced bi penetiatmg missiles. The mcieasuig frequence of mptuic seems 
to paiallel the liicieasing fiequciici with which esophageal and gastnc endoscope 
is being pei formed The endoscopic pioceduies tint seem to be the most hazard 
ous aie dilatations foi stnetuics and achalasia and the icmoial of foieign bodies 
Penetiating missile miun of the eso])hagus is lelatneh laie in enilian 
juactice and when seen it is usualh of the ccrneal esojihagus, ns is tine in 
the eases icported heie The thoiacic esojihagus is so siniouncled In Altai 
stiuctures that miun- to the \iseus is eommonh associated with fatal in pin 
to the heait or gient vessels 

From tlif D* pnrtniT>nt of Surperv Tulane I nl\er5ltA School of Medicine and the Tulnne 
•surplcnl Service the C1mrlt\ Hospital of I oulMana Not Orleans 
Recched for publication Jan. 19 1955 
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Anothci form of tiaumatic ruptuie of the esophagus that is recemng 
<oiisiclcrahk attention m iccent hteiatme (Andeison, 1 Banett- Cartel, 
Alaehlcr,' Olsen; and Samson 5 ) is the so called “spontaneous i upturn of the 
esophagus Of 101 prosed cases, 1 almost without exception the accident has 
followed pi obliged or foiteful emesis, usually the lesult of gluttony and less 
lommnnh in postopeiatne and self-induced vomiting 


P1THOGFVESIS 


The oeiuirenee of niptme iiom lnstiunientation is due to technical faults, 
an urn oopeiatnc patient, oi seseic disease of the esophagus, and is fiequenth 
due to a tomlnmtion of these factors In S ot the 9 cases lepoi ted dime, local 
uusthesia was used foi instruinentation, and m 3 of the cases, the patients 
uert quite eldcih being 78 79, and S8 sears of age, lespectiselv These 
f u toi s mu li.n e added to the technical difficulties Ruptuie mar oceui at 
im level although the most common sites hare been in the ceisical esophagus 
in moll itch ad lucent to the cneophaiMigeus “sphincter,” and at and mi 
medutcU tbo\o the esophageal hiatus, ns both sites aie anatomical mens of 
fixation and uni owing of the esophagus In conical esophageal luptuies 
during uidoseops, it is our feeling that the tenr is produced in the fingile 
nsi us li\ tin ngid scope ns unusual piessure is exeitcd to os ei come the lesist- 
iiio of the e rn ophars ngeus muscle The scope becomes displaced dining the 
in no in ci < lasing a low In poplian ngcal nipture, oi as the “sphmetei” 
usist mu is suddenh os ci come the infie\ihle tube stnkes the fixed postenoi 
< soph ure d w ill with consulenhle foiee and a perforation lesults In all 6 ot 
out i si -i m which i prim in lopait of an endoscopic teai of tlie cemcal 
esophagus w is curicd out, the mpture was on the posterior wall mimediateh 
id I iu nt to the < ricoplwtn ngeus muscle Flic cases weie below and 1 was 
ibo\e the c ru opium ngeus It is appnient that m the manipulation of lin- 
p ictul toieign liodies, the hazard of esophageal ]>erfoiation ranv he considei- 
ibU liwrcasul It is our opinion that after a reasonable attempt has been 
mult it is hrttei In proceed with formal esophagotonn with remo\al of am 
fon lgn bodies under direct surgnnl msioii nthci than to ]>cisist in efforts 
at i ndosc opu mum a] 


In dil it it ioii foi stmtmes uul fm achalasia consnlci ilde foice must 
”"" 1 ,,m ’ 1 be ie Im \e m (fieitise tlunpcutu icsult and m cases of ad- 

' mud lo. d p ttlndogc tlx lu/aid of mpture mu he consuleinhle In <>00 
' 1MS alnltsia at tin M iso (lime Olsen md nssoi i lies' npoit 10 cases 
"I rupture during tie itmcnt h\ dilitntion 

Iu uuisnh ring tin pithogcncsis of “spent .neons rupture of the csoplm 
ms „ 1 ms 1,u„ shown that aintomualh the mf, nor esophageal segment is 
til- W, d.st m i m the esophagus This is prolnbh due to the spiral ip. 
me- "I tin bw.r < iru.l ,r muscle f,l,e rs ,s tins form the functional 
'« - n-r (M.ph , , ,, sphnnter as well as to the spreuling out of the lon-n 

. r "'; r ' ,s "7 • n '' '»•' """■ < « .a. .ho mi, Mir 

. i . . . ... 

"" 1 tiptun s first n,d tint tint ,s followed In 
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dry ei treulum-like pi otrusion of the mucosa which is the last to give y\ ay 
(Macklei 7 ) In the course of lepeated vomiting, esophageal obstruction maj 
oceui due eithei to an impacted bolus or to a functional obstiuction caused bv 
meooidmation of iela\ation thioughout the esophagus biought on bv fatigue, or 
to spasm caused by the action of the acid gastric juice as it is expelled In the 
face of such obstruction, eithei mechanical or functional, sufficiently high 
mtiaesophageal piessures must occasionally occui as to result m traumatic 
i uptui e of the 01 gan 

“Spontaneous” luptuie occuis almost yuthout exception immediately 
above the_ esophagogastnc junction on the left posteiolateial wall and ap 
pears as a Imeai slit, with eyeision of the mucosa, in an otheiwise noimal- 
appeanng esophagus Expenmentallv, the intioduction of fiye pounds of an 
piessuie into an esophagus with both oufices closed will cause an exactly 
similai lesion in 95 jiei cent of the cases (Macklei 7 ) Wangensteen 11 belieyes 
that the undei lying etiologj is peptic esophagitis due to gastnc regurgita¬ 
tion, but biopsies taken at opeiation haye failed to substantiate this theory 
in many cases (Samson, 0 Macklei") 


DIAGNOSIS 

The diagnosis of traumatic ruptuie of the esophagus can be made yvithout 
undue difficulty, legaldless of the mechanism of i uptuie, if the likelihood of 
the accident is kept in mind At endoscopy, i uptuie is frequently not lecog 
nized as haying occui led at the time and the endoscopist may be reluctant 
to accept such a possibility until the diagnosis is contained In only 2 of the 
9 cases occui i mg at endoscopy, did the endoscopist lecogmze immediate!} 
that ruptuie had piobably occui red 

Ruptuie of the thoiacic esophagus is commonlj associated y\ith a moie 
fulminating onset and piogiession of symjitoms than is the peifoiation of the 
ceiyncal esophagus This fact ls due to the immediate contamination of the 
mediastinal space yyhicli gn r es use to piogiessne mediastinal emph}sema and 
compiession and is accompanied oi follorved shoitly by myolvement of the 
pleuial space with effusion, collapse of the lung, and possibly signs of a ten¬ 
sion pneumothoiax A patient ryho complains of excruciating ceivical oi 
thoiacic pain dining oi shoitly after endoscopy, foiceful yomitmg, or a pene 
tiatmg neck yvound, folloyyed by the ajipeaiance of lespnatoiy distiess, yaii 
able shock, d}sphagia, and interstitial emphysema shoidd stiongly be suspected 
of hanng a i uptuied esophagus Supportiye therapy and confirmatory diag¬ 
nostic pioceduies must be instituted immediately as an emeigency Macklei 7 
states, “a history of sudden thoiacic pain occui ring duiing oi shoitly after 
the act of yomitmg folloyyed by the appealance of inteistitial emphysema at 
the base of the neck, constitutes sufficient evidence to wan ant a left, thora 
cotomy ” If the ruptuie is at oi adjacent to the esophageal hiatus, seyeie 
epigastnc pain and a ngid abdomen may be found (as was piesent m Case 3), 
but the associated lespiratory symptoms of dyspnea, giayish cyanosis, a short 
grunting type of respnation, and evidence of hypoxia should direct attention 
to the thoiax as the piobable site of the lesion Samson 0 has stressed the 
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development o£ a nasal twang to the patients voice which mav piecede the 
appeal ance of the supi aelavncnlav subcutaneous etnphvsema, the latter being 
one of the dominant physical findings m most eases 

In rnptmes of the cemeal esophagus theie is nsuallv exquisite local 
tendeiness eiepitus and the patient holds the neck quite ngid m oidei to 
resist anv local movement Again this lesion is associated with dvsphagia 
salivation, and disphoma 

An erect posteioanteuoi x-iav of the chest taken so as to include the 
diaphiagni and upper abdomen should be obtained in all cases of suspected 
rapture of tbe esophagus If the thoracic esophagus is raptured the loent- 
genogram will nsuallv show mediastinal emphvsema with or without demon¬ 
strable fluid and pleural vnv ol\ emeut m the form of hxdi othorax 01 pneumo¬ 
thorax These findings max 01 mar not be piesent in eeivieal raptures as 
thev would depend upon the duration of the raptuie and upon whether or 
not the mediastinal pleura has been penetrated A lateral cervical 
\-rav will show an m the cervical tissues especially behind the esophagus, 
pushing the visceral compaitmeut antenoih A Lipiodol swallow, never 
banum undei flnoioscopv which shows extravasation into the periesophageal 
tissues is confiimatorv of the diagnosis and was piesent m each of the 11 of 
onr eases in which the piocedvue was done In Case 7 this was not deemed 
necessary since the perforation was visualized at the tune of original endos- 
eopi Usually esophagoseopv is neithei indicated nor desnable m these eases 
“Spontaneous-traumatic” rupture of the esophagus must be consideied 
m the differential diagnosis of anv upper abdominal emergency of spon¬ 
taneous pneumothorax, and of acute coionary disease Before the lesion was 
indely recognized, some patients weie operated upon for raptured duodenal 
and gastric ulcer with the true lesion lemaimng unrecognized causing em¬ 
barrassment to the suigeon and yielding no paiticulai benefit to the patient 
(Carter*! 

THER APT 


As stiessed bv Samson 9 the tieatment of a raptuied esophagus should be 
that which applies to the rapture of anv hollow nscus The mere fact that 
the nscus lies in the neck or the thorax m no way maternally affects the 
problem Bapid resuscitation of which surgery is an integral part (Beecher 3 ) 
definitive surgical lepair follownig debridement and lavage of contaminated 
fascial spaces ngoious supports e therapy in the form of complete and rapid 
pulmonary expansion constant tracheobronchial toilet effected bv tracheot¬ 
omy if necessary whole blood and massive combined antibiotic theiapv con¬ 
stitute the fundamentals of the ti eatment of a raptui ed esophagus Follow¬ 
ing these principles l\'eisel 1= has recently raported 7 consecutive cases so 
treated with survival and without major complications m anv of them 

A high mortals and higher moibiditv rate accompany drainage pio- 
cedures alone during the stage of contamination which mav be as lone as 
t went a- four hours postrapture or moie depending upon the under!™* 
esophaeeal pathology and tbe treatment or lack ot tieatment which the pattern 
-cones prior to surgery Fne of 6 such cases collected by Samson" w ere 
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fatal and the sixth case showed prolonged morbidity wnth pleuial and medi 
astmal sepsis If a patient survives the stage of contamination, and an m 
vasive infection is piesent with some degree of localization, drainage pro 
ceduies are of ialue but even then the mortabty is considerable and the 
morbidity high 

Definitive repan in such late cases maj not be attended wnth a high per¬ 
centage of primaiy heabng, however, except in the face of frank abscess 
foimation we belieie that pnmaiw repair should be attempted These pa 
tients appeal to be and usually aie despeiate suigical risks, especially those 
with raptuie of the thoracic esophagus, howevei, it must be lepeated that 
suigeiv is the integral pait of the resuscitation and the expeuenee has been 
common that once the mediastinum has been wndely opened and decom 
piessed, the condition of the patient has maternally impioied so that more 
deliberate debridement and lepan can be earned out 

Foi luptuies of the cemeal esophagus, we commonly ha\e used local 
mfiltiation anesthesia and made an oblique mcision along the anterior border 
of the stemomastoid muscle, similai to the appioach w r e use for the lemoial 
of pharyngoesophageal dneiticula The edema and emphvsema m the fascial 
tissue planes usually make exposure of the esophagus medial to the vascular 
compartment quite easy Aftei the peifoiation is visualized, a two-layeied 
lepan is earned out using fine cotton 01 silk sutures on Atiaumatic needles 
for the mucosal layei with the inteirupted sutuies so placed that the knots are 
tied on the lumen side The outei muscle layei is sutured with similai mate 
nal placed as horizontal mattiess sutuies The closuie is tiansveise so as 
not to deciease the diametei of the esophageal lumen The fascial space har¬ 
ing been primarily debnded and lavaged with saline, a Peniose drain is placed 
in the postenor mediastinal pocket and brought out fiom the lowei angle of 
the wound and the subcutaneous tissues and skin aie loosely approximated 
with cotton sutuies The drain is placed well away from the line of esophag 
eal repan A culture is taken from the contaminated tissues and the pa 
tient is placed on massive combined antibiotic therapy until the results of the 
cultuies and sensitivity tests indicate the specific antibiotic to be used Dui- 
mg the fiist 48 to 72 hours, the patient is placed m bed m a head down 
position in ordei to facilitate drainage from the upper mediastinum The 
patient is started on small amounts of clear oral liquids after twentv-four 
horns and the diet is then increased slowly 

In. perforations of the thoiacic esophagus, we feel that ni most instances 
thoracotomy, with wude incision and debridement of the mediastinal pleura, 
primary repair of the site of rupture, and rapid expansion of the lung by 
underwater-seal drainage, is the preferable treatment An occasional case 
may demand a different appioach Oieiholt 13 repoits a case that he saw r 
eight days after perforation at wduch time the patient had a bilateral em 
pyema which lesponded satisfactorily to bilateral tube drainage In Case 3 
the perforation had oeeuiied through the site of a stnctuie of the supra 
diaphragmatic esophagus and it was necessaiy that a resection of the area be 
done wnth primary esophagogastrostomy It was interesting in this case, 
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that, due to an unavoidable delax of nearlv six horns in getting this patient 
to the operating table, vre saw him develop the typical, clmiea pic r 
is seen in a case of ruptmed peptic ulcer 


CASE REPORTS 

Case 1—H T, a 79 year old obese white woman, was admitted to Chanty Hospital 
on Dec 30, 1950 She had'choked on a bolus of food at dinner on the same dav and was 
having difficulty* swallowing A general physical examination showed no significant a b 
normalities and the patient was esophagoscoped under local anesthesia A large bolus o 
meat was removed from the pynfomi sinus and the endoscopist reported seeing a tumor 
mass m the esophagus at the 22 cm level A biopsv of the lesion was taken 

Within a very short period following endoscopv, the pntient became quite Testless 
nnd dvspneic She received 6 grains of phenobarbital throughout the night but the Test 
lessness and dvspnea increased The Thoracic Surgery Resident saw the patient in con 
sulfation approximately twenty six hours after endoscopv At the time of his examination 
the patient was irrational, exhibited acute respiratory distress, and was cyanotic The 
blood pressure was 102/64 mm of mercun and the pulse rate was 120 per minute and of 
poor quality There was palpable subcutaneous emphysema in the supraclai lcular areas 
and over the anterior thorax. Breath sounds were inaudible oier the right hemithorax 
An erect roentgenogram of the chest revealed a right tension h\ dropneumothorax An 
endothoracic catheter was placed m the nght pleural space and connected to an under 
water trap bottle allowing the escape of a large amount of air and several hundred cubic 
centimeters of a seropurnlcnt fluid The patient was gn en nasal oxygen, a whole blood 
transfusion, a massive dose of parenteral antibiotics, and was operated upon 

Approximately twenty nine hours after endoscopy, with the patient under gas oxygen 
ether anesthesia, a nght posterior mediastinotomv was performed The blood pressure was 
not obtainable at the time the incision was made The posterior portion of the right third 
nb was resected xery rapidly and the parietal pleura was mobilized ginng access to the 
upper part of the posterior mediastinum A considerable quantity of purulent fluid and 
air wns evacuated Two soft rubber catheters were introduced into the mediastinal pocket 
and connected to an underwater trap and the wound wns sealed with petrolatum gauze 
The entire operatne procedure required ten minutes and, as soon as the mediastinum was 
decompressed, the blood pressure rose rapidly to 90/60 mm of mercurv 

Although the patient showed some improx ement m her general condition during the 
first forty eight hoqrs after operation, she continued to run an extremely severe febrile course 
with progressive symptoms of overwhelming toxicitv She developed signs of pldebothrombosm 
of the left lower extremity and under local anesthesia, a bilateral superficial femoral vein 
ligation wns performed In spite of massive antibiotic therapy and whole blood transfusions, 
the pntient died on the eighth postoperative dav Unfortunately, an autopsy could not be 
ohtnincd upon this patient 

Comment —Due to the length of time from the perforation until we first saw the pa 
ticnt, her advanced age, and apparently moribund condition at the beginning of the operation 
only a rapid mediastinotomv was done Although she improved temporarily, the medinstimtis 
wns not controlled In new of our later experiences and the reported experiences of others, 
uo probably should have continued with a formal thoracotomy with definitive repair of the 
esophagus after the decompression of the mediastinum had been accomplished and the pa 
tient was definitely improved This ca«e illustrates the high morbidity and mortalitv rates 
following other than definitive control of the lesion 


,r C ' S l 2—H F ’ a 63 ' e '' roW ^aciated Negro man, was admitted to Chanty Hospital 
on May 3, 10 o l He stated that for the past tyyo months he lmd noted progressive difficulty 
yvith swnHoyvmg, first for solid foods and tlinn rapidly thereafter for semisolids and finally 
for liquids He was severely dehydrated upon admission Except for the severe malnutrition 
the physical examination reycnled no significant abnormalities \ roentgenogram of the cl o l 

™ s. USX, 
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filling defect of the esophagus at the level of the aortic arch and extending mfenorlx for ap 
proximately six cm Esophagoscopy was performed under local anesthesia on Mar 29, 1951, 
and the endoscopist reported "a smooth angulnr constricting lesion at the junction of the 
middle and upper one tlurd of the esophagus with complete fixation of the esophagus ” The 
patient complained of paw m the neck and increasing salivation and dvsphagia following the 
procedure 

We were consulted thirty hours after esophngoscopi and found the patient ncuteh ill, 
moderately febrile, disoriented, and with a fast, thready pulse There was palpable sub 
cutaneous emphysema of the anterior supraclavicular areas An erect anterior and lateral 
roentgenogram of the chest showed emphysema of the soft tissues of the neck, a widening 
of the visceral compartment, and widening of the suprncardiac shadow but no pneumothorax 
A Lipiodol swallow under fluoroscopy rex ealed extravasation of Lipiodol into the retro 
esophageal space at the level of the fourth thoracic vertebra 

The patient was gixen a whole blood transfusion, nasal oxygen, massive antibiotics 
parenterally, and was operated upon thirty four hours after the endoscopic perforation A 
left cervical medinstmotomy, under local anesthesia, was done with the evacuation of about 
200 cc of foul, seropurulent material A Penrose dram was placed into the posterior medi 
astraal pocket and the subcutaneous ti«sue nnd skm closed looselx with multiple, interrupted, 
nonabsorbable sutures 

During the initial seventy two postoperative hours the condition of the patient remained 
critical, after which he showed progressive improvement On June 7, 1951, a tube gastrostomx 
for feeding was done The patient refused further surgical therapy nnd on June 19, 1951, 
was started on a course of deep \ raj therapx Following the completion of the x rav therapv, 
he was able to swallow semisolid foods and wns last seen in June of 1952 at which time he 
was in a preterminal condition with wadesprend pulmonarj metastasis 

Comment —Due to the frnnk abscess caxitx that was present m the upper part of the 
posterior mediastinum, no attempt at primary closure of the esophageal defect was made 
in this case The exact location of the perforation was not visualized. 

Case 3 —D B , a 16 year old undernourished white male, was admitted to Chantv 
Hospital on Jan 3, 1952 In 194S, in another city, following esophagoscopy for the re 
mox al of a foreign body, the patient had dex eloped a right basal empyema that had tc 
qwred right thoracotomy nnd tube drainage for one month Since that time, the patient had 
noted difficulty in swallowing solid foods Recenth the dj sphngin had become more 
marked, and on admission the patient could swallow onlj x erj soft foods and liquids 

A roentgengoram of the chest showed an old operatix e defect in the right ninth and 
tenth nbs posteriorly The phjsical examination gave ex idence of chronic malnutrition 
and a well healed operative scar in the right posterior chest wall An esophagogram 
showed a smooth, bnear stricture at the lower end of the esophagus (Fig 1) Esoplmgos 
copy rex ealed “a smooth, linear stricture beginning at 36 cm from the incisor teeth and 
extending to the cardia ” 

On Jan 9, 1952, the esophagus was dilated with a No 40 F Hirsch bougie On Jan 
16, 1952, repeat bouginage xntli a No 46 F bougie was unsuccessful Immediately folloxv 
mg this attempt, the patient complained of sex ere presternnl pain This was at 10 00 A.M 
and the Thoracic Surgery Serx ice was consulted unmediutelx 

On examination we found the patient to be in acute distress, ashen gray in color, 
and sweating profusely The pulse was fast mid weak, the respirations were rapid and 
shalloiv The patient objected strenuouslx to being moved He lay on his right side with 
the knees draxvn up on the abdomen There was no subcutaneous eniphxsema palpable 
and examination of the thorax did not rexeal anx significant abnormalities at that time 
During the course of one hour following the attempted dilatation, the abdomen became 
xerx tender and showed a boardlike ngiditx The patient presented the clinical picture 
of a ruptured duodenal ulcer An erect roentgenogram of the chest, including the upper 
abdomen, shoxved essentially negative intrathoracic findings but a small amount of free 
air was xusible under both leaves of the diaphragm A Lipiodol sxvallow revealed extrav 
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3 a. 4 cm. above the diaphragm on the posterior 

ztji restate ~ (R8 

ra= made The patient tca_ B transfusion and Demerol for 

T’rsrjt^*»<> * 

, . tr.i ins operated upon bv one of us> (J " u r 

posterolateral thoracotomv was performed throngh the left —nth interspace 



Fie 1 Fl g - 

Fie 1 —Care 3 Esopbngogram made prior to dilatation sbomlDg high degree of rtrlc~ 
ture in the loner eroplmgeal segment. 

Fig 2—Care 3 Liplodol esophagogram made immediate!! after perforation mhlch 
occurred during bouginage Ldplodol is *een In periesophageal tissues 

Vpon opening the ehed the left lung mas found to be free and there mere approsa 
matels K)n c e of a eloud\ serous fluid in the pleural space The mediastinal pleura mas 
intact but ipiitc edematous The lomer mediastinal pleura mas incised and the esophagus 
fris-d mith some difticulti due to evtensire scarring present mhieli apparentlv mas second 
are to the prctious periesophageal infection mhich had follomed the removal of the 
foreign bodr \ one inch laceration mas found on the posterior mall of the esophagus 
immediate!! abo!e the diaphragm m an area of intense scamng and stricture formation 
It mas apparent that the perforation could not be closed mthout compromising the alreadv 
grcatlv narromed c-ophagus so a Tesection of the lower 10 cm. of the esophagus mas done 
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and an esophagogastrostomy performed The left chest was drained with two large 
endothoracic catheters connected to a water seal bottle and the chest incision closed in 
anatomical layers with interrupted nonabsorbable sntures 

The postoperatn e course of the patient was uneventful A Levin tube, which had 
been inserted into the stomach following the anastomosis, was remov ed in fortv eight hours 
and the patient placed on oral liquids On the sixth postoperatn e daj he was taking a soft 
surgical diet He was discharged from the hospital on the eleventh postsurgical day The 
patient gained eight pounds during the lirst postoperatn e month He has remained well, 
eating a full diet without difficultv An x raj with a barium meal taken one month 
after the operation showed a normallj functioning stoma without evidence of stricture or 
esophagitis (Fig 3) 



Fig 3 —Case 3 Esophagogram one month after esophagogastrostomj showing normally func 

tionlng stoma. 

Comment —Tins patient presents the interesting findings of linvmg survived two appar 
ent esophageal perforations four years apart, the second rupture necessitating immediate 
esophageal resection with restoration of continuity by esophagogastrostomj This patient 
was subsequently seen one year following surgery at which time he was continuing to <m 
well without evidence or symptoms of esophagitis 

Case 4 —A S, a 71 year old Negro man, at 7 A M on Sept 14, 1952, swallowed a 
chicken bone that lodged m his throat “just below my Adam’s apple ” He ate a large 
amount of bread and rice in trying to dislodge the bone, but was unsuccessful At 11 30 
yir his local physician passed a bougie in an attempt to dislodge the bone After the 
third attempt, the patient developed a severe pain in the midbne of the upper thorax 
posteriorly and noted within a period of five minutes that the neck was becoming swollen 
The patient was referred to the Cliantv Hospital in Lnfnvettc, Louisiana No thoracic 
surgeon was available at that institution so the patient was given one million units of 
penicillin, 500 mg of Aureomycin intrav enouBlj, and referred on to the Chanty Hospital 
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in Xew Orleans Tie patient was first seen in the Emergency Room of the 
tal in Xew Orleans bv the Thoracic Surgerv Resident at 4 00 AM on Sept 1 , h - 
was senncomfttose and exhibited method dvspnea, dvsphagia, limited abilitv to talk, an 
marked subcutaneous emphvsema of the supraclavicular areas An erect roentgenogram 
of the chest revealed extensive mediastinal emphvsema with a questionable fluid level 
visible A Lipiodol swallow under flnoroscopv showed extravasation into tie upper 
mediastinum The patient was given a whole blood transfusion, nasal oxvgen, massive 
combined antibiotics parenteraUv, and was operated upon at 6 00 A M on Sept lo, iJo-, 
approximately eighteen hours after perforation 

The patient was operated upon bv one of us (J Tf O ) through a Tight posterolateral 
incision, resecting the fifth nb A complete synechia of the pleural space was ouu 
After freeing the lung, the mediastinal pleura was seen to be fierv red, verv edematous, 
and tense The azvgos vein was ligated and the mediastinal pleura widelv opened from 
the thoracic inlet to below the right inferior pulmonarv vein A considerable amount of 
foul fluid and air was evacuated along with beans, nee, bread, and undigested lumps of 
chicken Three cm below the mfenor pulmonarv vein, a chicken bone measuring approxi 
matelv -1 cm long bv 3 mm m diameter was removed from the retroesophageal area Xo 
point of perforation could be visualized but vn the low er cervical esophagus a perforation 
on the posterior wall could be palpated. The mediastinal pleura was wvdelv dfbrvded aud 
tho entire area lavaged with a large amount of saline The chest wns closed m anatomical 
lavers using interrupted sutures of cotton The pleural space was drained bv two Xo 34 
F rubber catheters connected to an underwater drainage bottle The general condition 
of the patient improved verv markedlv as goon as the mediastinum was decompressed 
After the thoracotomv incision was closed, the patient was turned to a supine position 
and the cervical esophagus explored through an oblique incision in the right side of the 
neck The perforation was located on the posterior wall at the level of the second tracheal 
ring Closure of the defect was earned out using two layers of interrupted sutures of Xo 
4-0 silk. The wound was closed without pnmarv drainage from the neck although the 
cervical retroesophageal area communicated freely with the thoracic mediastinal space 
that was drained by the two intrapleural tubes 

Postoperativelv, the patient did extremelv well He was afebnle in 4S hours and 
was started on oral fluids at that tune At no time was there evidence of further eso 
phageal leakage On the fifth postoperative dav be developed a small stenle serous ef 
fusion on the left side that wns aspirated and did not recur He was given a soft diet on 
the sixth postoperative dav and was discharged on the sixteenth postsurgerv day He was 
followed in the outpatient clinic at internals for over one v ear and had no further difli 
culties 

Comment—This case clearlv illustrates the major clinical features of traumatic eso 
phageal perforation and the excellent results which commonlv follow vigorous resuscitation 
and definitive surgical theropr 

Cvse 5—L. H, a 54vearold Xegro woman, was admitted to Chnritv Hospital at 
4 00 v.it on Xov Id, 1952 complaining of n ‘ bone” stuck m her tliront The admission 
pl.vsieal examination was reported ns showing no significant abnormalities Esophagoscopv 
was performed at 9 00 AM on the same dav undeT local anesthesia and the report stated 
‘no foreign bodv seen ” The patient stated that immediatelv after endoseopv she noted 
the onset of severe pun vn the neck, became progress,! e lv short of breath, and developed 
a swollen neck *l,e had marked dithcultv in swallowing her saliva In spite of these 
rvniptoms, She vvn« disnlmr^.d from the hospital hr the admitting service at 6 00 PM the 

OUT 

The patient stated that she became progre-.su elv more ill at home and at 4 00 ,i, 
she returned to tho Fmergencv Room at Clmntv Hospttal Mie wa s first seen hr the 
Thoracic Surgerv lies.dent s lx hours Inter The patrnnt at that time was , tn 
inoMrutiK fvhnle, with pain and tenderness ln the cervical areas, and extensne^suh' 
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no pneumothorax A Lipiodol swallow under fluoroscopj showed extravasation of the con 
trast medium outside the esophagus in the upper cer\icnl region The patient was given 
a whole blood transfusion, massive combined antibiotics parenterally, nasal oxygen, and 
transferred to the surgical service 

The patient was operated upon at 2 00 A.SI on No\ 14, 1952, thirty nine hours after 
endoscopy As anesthesia «as induced, the patient dey eloped laryngeal obstruction and 
an emergency tracheotomy was done Through a left anterior cervical incision, the esoph 
agus was mobilized and a perforation on the posterior wall immediately below the 
cncopharyngeus muscle was repaired tmth two layers of interrupted nonabsorbable sutures 
The patient was gi\ en liquids by mouth in forty eight hours and on the fourth postopera 
tne daj the signs of a small esophageal fistula were noted A feeding gastrostomy was 
done Her further course was uncomplicated Bj Dec 16, 1952, no evidence of the fistula 
remained and the gastrostomy tube w as removed She has remained well since that time 

Comment —In spite of the prolonged duration between perforation and repair, the 
patient rapidlv improy ed after surgery The esophageal fistula that dey eloped was ap 
parentlj quite small and probnblv could liaye been controlled by the passage of a soft, 
plastic feeding tube yyithout resort to gastrostomy 



A 
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Fig 4—Case 6 Lateral cen ical roentgenogram after Lipiodol swallow showing retro¬ 
esophageal extra\asatlon of contrast media and anterior displacement of the ylsceral com 
partment- 

Case G—L II, a 27 year old Negro woman, yyns admitted to the H P Long Chanty 
Hospital in Piney llle, Louisiana, on Feb 4, 1953, shortly after haying been shot three times 
with a small caliber pistol There was a wound of entry nboy e the point of the left 
shoulder, another to the right of the nudline of the middle of the neck anteriorly, and 
three perforations on the lateral aspect of the right forearm An erect roentgenogram of 
the chest rey ealed a fracture of the left first nb postenorly but there was no pneumothorax 
An esopliagogram using Lipiodol revealed extra esophageal oil m the region of the seventh 
cemcnl yertebra with widening of the preyertebral yisceral space (Fig 4) 
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The general condition of the patient was samfactorv She was operated upon trU 
receiving a whole Wood transfnsion and massive combined antibiotics parenterallv T - 
Z approximated six hours after the time of mjurv The left side of the neck was ex 
plored through an incision along the anterior border of the sternomastoid musele The 
point of perforation of the esophagus was found mimediatelv below the cneopharvngeus 
The wound wa- dfbnded and the defect m the esophagus was closed with separate lavers 
of mucosal and muscular sutures of quoting cotton. The operative wound was closed 
without dramBge using interrupted cotton sutures 

Her postoperative recoverv was entirelv uneventful Being able to take a normal 
diet she was discharged from the hospital on the fifteenth postsnrgerv dav 


Cast; 7 —I- W a 49 vest-old white woman, was admitted to Chantv Hospital on Feb 
2S 1Q53, with a historv of massive gastrointestinal bleeding Extensive clinical lnverfigu 
tion revealed no abnormalities other than a large sliding hiatal hernia. Further questioning 
revealed svmptoms compatible with peptic esophagitis Under local anesthesia, esophagoscopi 
was performed on March 11 1053 at 10 00 aal Shortlv after the procedure the patient 
stated *he noted the onset of severe pain m the neck and some swelbng both of which 
became progressivelv wor~e and were associated with excessive salivation and difficult! 
in swallowing *he was seen bv the Thoracic Snrgerv Service the next morning and a 
clinical diagnosis of esophageal perforation was made A Lvpiodol swallow nnder fluoros 
copv reiealed extravasation of the oil outside the esophagus into the neck 

Twentv eight hours after cndoseopr the patient was operated upon through a left 
anterior cervical incision and a perforation on the posterior wall of the esophagus was 
clo'ed in lavers with nonabsorbable sutures Two drams were left m the superior tnedi 
nstinal space The patient received intravenous fluids and large doses of combined anti 
biotics parenterallv Oral fluids were started on the third postoperative dav A small 
fistula was apparent on the fifth dav after snrgerv A temporarv feeding gastrostomv 
was done on March 22, 1053, and oral feedings were discontinued until April 1 1953 
when methvlene blue taken bv mouth showed that the fistula had closed. The gastrostomv 
tube wa« removed and the patient's further course was uneventful. *he was discharged 
from the hospital on April 17 1053 

*he was readmitted to Chantv Hospital on Tune S 1053, at which time an esophago 
gram showed no residual defect One of ns (A O ) repaired the large sliding hernia, 
nsmg the Allison technique 


Comment The immediate response of the patient after snrgerv was excellent and due 
to the small size of the fistula that developed it was probablv not absolutelv neeessarv that 
the feeding gastro'tomr be done 


Case S—E C a voung Xegro man, was admitted to Chantv Hospital on Apnl 12 
1033 one hour after having been stabbed m the nght antenor neck The blood pressure on 
admission was S6/50 mm of merenrv There was brisk artenal bleeding from a 3 cm 
laceration m the right side of the neck just above the nght clancle at the antenor border of 
the stemomastoid muscle There was subcutaneous empbvsema m the left supraclavicular 
area. The hematocrit was 34 volumes per cent A roentgenogram of the chest was not 
abnormal The patient was operated upon two hours and fortv five minutes after his injure 
while receiving uhole blood transfusions and massive combined antibiotics parenterallv 


Through a nght oblique antenor ceraical incision a large transverse laceration of 
the posterior nail of the conical esophagus was found and repaired with an inner laver 
of Ao 0 chromic catgut and an outer muscular laver of quilting cotton The ma-ror 
point of b ceding a as from the nght supenor theroid arterv which was ligated 4 s ma )l 
rubber dam dram was brought out through the lower angle of the incision and the s„b 
cutaneous tissue* and skin eloped with multiple interred sutures 0 f qUtng LToz 

, J„Z he l' 0 * t0 l' erative course was completed uneventful and a banum swallow on Mav 
4, 1 showed no residual defect in the esophagus ' U ° 



176 


THE JOURNAL OF THORACIC SURGERY 


Case 9 E T , a 78 jearold vhite man, was admitted to Chanty Hospital complain 
mg of weakness, upper abdominal pain, and recent hematemesis and tarry stools The general 
physical examination was not remarkable and roentgenographic studies of the gastro 
intestinal tract were normal except for a small hiatal hernia and sigmoid diverticnlosis 

In order to rule out esophagitis or varices, on April 29, 1953, at 8 00 Ail, the 
patient was esophngoscoped under local anesthesia There was difficulty in introducing the 
esophagoscope and at 9 00 a jl, we vere called to the endoscopy room to see the patient 
The esophagoscope was still in the esophagus and there was an obvious perforation on 
the posterior wall just below the cricopharyngeus The patient was given 1,000,000 units 
of penicillin, 1 Om of streptomycin, luminal, and atropine and was transferred to surgery 

Two hours after the perforation, under local anesthesia, the esophagus was ex 
plored through an oblique incision along the anterior border of the left sternomastoid 
The perforation was visualized on the posterior wall and a two layer closure with fine 
interrupted silk sutures was performed The integrity of the anastomosis was tested by 
haung the patient swallow methilene blue solution which revealed a watertight closure 
A small rubber drain was left in the upper mediastinum and the operatn e wound closed 
The patient was gi\ en oral liquids on the first postsurgerv day With the exception of a 
severe penicillin rnsli that developed on the eighth postoperative day lus clinical course was 
completely uneventful 

Comment —This is the only case m this senes m which the endoscopist recognized the 
site of perforation when it occurred 

Case 10—L J, an 88 year old undernourished Negro noman, was admitted to Charity 
Hospital on April 27, 1953, vliere she was studied extensively for a marked anemia of un 
determined etiologi Gastroscopi was performed on Hay 6, 1953, at 9 00 A.M and the 
endoscopist stated that there was “some difficulty m passing the gastroscope ” Shortly 
after the procedure, the patient complained of severe pain in the neck and dei eloped 
a rising pulse rate, fever, and moderate dyspnea A roentgenogram of the chest showed 
subcutaneous emphysema m the base of the neck, bilaterally with a moderate right 
pneumothorax. 

We saw the patient m consultation eight hours after endoscopy A Lipiodol swallow, 
under fluoroscopy, showed extrai asation of the dye from the upper esophagus The 
patient was critically ill at that time An endothoracic tube was placed m the right 
pleural space and connected to an underwater drainage bottle Approximately 300 c c 
of seropurulent fluid and a large amount of air was removed The patient was gii en a 
whole blood transfusion, massive combined antibiotics parenteral!}, nasal oxjgen, and 
was transferred to surgery 

Under local anesthesia, the cervical esophagus was explored through an oblique 
incision and a perforation was found on the posterior wall which was repaired with two 
laj ers of interrupted sutures of fine silk. A fine rubber dam drain was plnced into the 
superior mediastinum and because of the patient’s critical condition and the pulmonari 
complications, a tracheotomy was performed also The operation was carried out ap 
proximately thirteen hours after the endoscopy 

Postoperatn el} the condition of the patient steadily improved, the onb compbcn 
tion being a persistent middle lobe atelectasis which required bronchoscopy through the 
tracheotomy stoma The patient was given liquids by mouth on the second postoperatn e 
da} and a soft diet on the seventh day after operation The endothoracic tube was 
removed on the third postoperative dav as the lung was completely expanded and there was 
no evidence of pleural infection A Lipiodol swallov on the thirteenth dav shoved no 
esophageal defect 

Comment —We feel confident this very elderl}, critically ill patient would not have 
survived without vigorous definitive therapy This case further illustrates the value of 
tracheotomy in the management of critically ill patients with pulmonary complications 

Case 11 —L. F, a 64 year old white woman, was admitted to Chanty Hospital with a 
oneienr luston of indigestion nnd epigastric pain that nas relieved bv alkalis 
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On April 19, 1953, tie patient vomited about “one pint of bright ^ ^ 

fainted She ms admitted to the Emergency Boom m mild ^hoeh and 'bortlv *erw«e 
went into deep shock after passing two large tarn 'tools and vomiting a 
hnght red blood She reloaded to multiple whole blood transfusions and *e Weeding: ap 
parentlv subbed promptlv The patient was studied extensively bv proetoscopv and roent 
genographic studies of the entire intestinal tract as well as hematologic and liver 'tudie-, 

failed to reveal the etiologv or =onn.e of the bleeding 

On Mnv IS 1053 abdominal exploration under endotracheal anesthesia was per oral 
Darinc the conr-e of the operation a Levin tube was passed with the aid of a laryngoscope 
bv the anesthetist Xo demonstrable pathologv or cause of the bleeding was found at 
operation At the conclusion of the operation, her condition was reported as ratisfaetorv 
Vt o 00 a. it of the first postoperative dav it was noted that the left side of t e 
patient * neck was swollen and tender to palpation and that raKutaneous emphysema was 
present A roentgenogram of the neck showed air in the letroesophagenl space and a 
I lpiodol swallow showed extravasation of the contrast medium into the periesophageal 
ti«ae' in the region of the seventh cervical vertebra. 

The patient was operated upon approxunatelv tlnrtv hours after the pTevions ab 
dorainal exploration The cervical esophagus was explored under local anesthesia. A per 
foration of the hvpopharvnx on the left lateral wall was found just above the cnco 
pharvngeus The tissues were verv edematous and indurated Closure of the perforation 
was performed bv two lavers of interrupted nonabsorbable sutures The patient was 
acutelv ill and disoriented at the time of exploration A small robber wick drain was 
inserted into the upper mediastinum and brought out through the lower end of the wound 
The postoperative course of this patient was quite complicated. Two davs after 
operation there was clinical evidence of moderately severe electrolvte imbalance which 
responded to increased amounts of sodium chloride and potassium chloride solutions On 
Mar 22, 10.53, a cervical fistula was apparent In spite of the fistula she was continued 
on oral flmds and was stowing steadv improvement until she was given aureomvctu 
orallv on Mar 29, 1 Q 53 She promptlv developed a severe diarrhea followed shortlr br 
increasing evidence of partial small bowel obstruction. On June 1, 1953, the abdomen 
was re explored and an incomplete small bowel obstruction due to adhesions found. It 
was also reported that xhe enure small bowel and colon were extremelv hvpeTemic and 
edematous It was felt this picture was compatible with a diffuse enteritis, probable 
related to the u c e of the broad spectrum antibiotic 

Her convalescence was slow thereafter bnt the cervical fistula progressive!v de¬ 
creased in size and closed without further operative procedures 

Comment It is felt that m this case the perforation of the hvpopharvnx occurred 
either at the time of insertion of the endotracheal tube or during the operative procedure 
when the Levin tube w3s passed with the aid of the laryngoscope The fact that she 
was recovering from the effects of a general anesthetic and had received narcotics dur 
ing the afternoon and evening of the dav of operation probablv prevented the earlier 
appearance of svmptoms referable to the raptured hvpopharvnx. Morbidity m this case 
was extensive bnt was in large part due to the abdominal complications 

C\se 12—L G a voting Xegro man. was admitted to the H P Long Chantv Hos 
pttvl m PmeviUe Louisiana on Mav 24 1053, two hours and fifteen minutes after having 
Kvn stabbed in the nght side of the neck. The wound of entrance was along the anterior- 
border of the stemomastoid muscle and the blade of the knife could be palpated in the 
depth of the wound. The neck was verv tender and there was extensive subcutaneous em 
phv oma but the general condition of the patient was satisfactory A roentgenogram of the 
n<\k revealed a knife blade extending transverselv m the lower neck at the level of the 
‘ cerrKal vertebra (Figs 5 A and B) A roentgenogram of the chest taken in the 
sw at tbc lune of admins,on showed no pneumothorax and a Lipiodol swallow 

* extT aviation of the oil into the retroesophageal ti«ues of the neck 
The patient was given a whole Hood transition and a ma*siv e do-e of combined 
V renters! antibiotics and was operated npon three and one-half hoars after mjurv The 
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Fig 5A—Case 12 Lateral roentgenogram of the neck shoeing presence of foreign bod> sub 
cutaneous emphysema and air In the retrosJsceral space. 



Fig 6 B —Case 12 Roentgenogram of chest including the cerslcal area showing a knife blade 
Ijlng transserselj in the neck and extras asation of Llplodol outside the esophagus 
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OVERSTREET W) OCH^XER RUPTURE OF ESOPHW.CS 


neck ws- explored through bilateral oblique mc>^ and the hmfe Wade jas foun 
he immefimtelv anterior to the earotrd arterv ou the nght side The blade had pen^ 
trated the esophagi posteriori^ giving an entrance and exit tvound with a -mall are 
intact emphagn- between the openings The esophageal perforations were closed 
interrupted sutures of quilting cotton on the mucosa and the muscle laver- The opera 


tive wound teas closed without drainage 

The postoperative course was without complications The patient was given oral 
liquids ou the first postoperative dav and the diet w a - 'teadilv increased. He nas con 
tinned on large parenteral antibiotic do-age for seven davs The patient wa- discharged 
from the hospital on the fourteenth postoperative dav as he was eating normally and 
was asymptomatic 


Case 13 —D B a 23 vear-old Xeero man was admitted to H. P Long Chantv Ho- 
pital in Pmemlle Louisiana on June T H53 approximately five hours after having been 
shot in the left midneck immediately lateral to the trachea The bullet could be palpated 
in the subcutaneous area of the tight shoulder girdle There was swelling and sub 
cutaneous emphysema m the right supraclavicular fos^a The blood pressure was loO/oO 
mm. of mercurv and the pulse rate was 100 per minute The general condition of the 
patient was satisfactory A lateral roentgenogram of the neck showed subcutaneous 
emphysema and air in the retroesophageal -pace A Lipiodol swallow under fluoroscopy 
in the anterior and lateral projections revealed extravasation of the oil into the right 
periesophageal tissue' 

Under general anesthesia the neck wa- explored and a laceration of the esophagus 
on the posterior wall was found The operative wound was closed without drainage 
The patient was given large do«es of parenteral antibiotics He was given oral liquids 
on the second postoperative dav and was taking a regular diet on the seventh dav at 
the time of his discharge from the hospital 

Comment —The response of this patient was without anv complications 


SOESIART 


1 Of thirteen eases of traumatic perforation of the esophagus Heated bi¬ 
ns from Tulv 1950 to June 1953 eight were due to diagnostic or therapeutic 
endoscopv or bouginage one occuired in the piriform fossa duimg attempted 
passage of a Levin tube with the patient under endotracheal anesthesia and 
four w ere due to penetrating intunes ot the neck 

2 All patients were subjected to operation as soon as possible aftei the 
diagnosis was made and resuseitatne and supportive therapv had been started 


3 Ten of the cases had pnrnarv repair with excellent results other than 
small temporary fistulas which developed in 3 of the cases The duration of 
perforation pnor to repair in those developing fistulas w as fortr-four hours, 
twenti four hours and tv enti-eight hours lespectivelv 

•i Mcdiartmotonn and drainage weie done in 2 cases Case 1 had pos- 
teuor mediastmotomv and mtrithoracic underwatei-seal drainage foi massive 
infected pleural effusion and tension pneumothorax twentv-eight hours after 
perforation ^he died on the eighth postoperatii e dav Case 2 had cervical 
drainage of a high mediastinal abscess thirtv-two hours following perforation 
during biops\ of n high thoracic esophageal carcinoma 
> The age-, ot the patients ranged from 16 to SS rears 
6 The time inter,al from perforation to surger, railed as e-ctemmel, 
"<« «"» one-hill hot.r, Worn. 
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7 Of the 8 endoscopic peiforations, 5 occuiied immediately below the 
cimophaiyngeus sphinctei on the postenoi esophageal nail, one occuiied 
thiough a stuctuie immediately nboAe the esophageal hiatus, and in the 2 
in which diainage only was done the site was m the cei\ical oi uppei tho 
lacic esophagus, but the opening was not Msualmed All foui of the pene 
tiating esophageal injimes occuiied m the ceivical segment 


CONCLUSIONS 

Ill closing, we can say that oui expeuence has paialleled that of otheis 
Samson, 0 Weisel, 12 Macklei/ etc, in finding that piompt diagnosis, iapid 
lesuscitation, suigical exploiation wnth d^bndement of eontainniated fascial 
planes, definitne lepan of the esophageal defect, and ngoious postopeintive 
suppoitive theiapy aie followed, m a large peicentage of cases, by iapid and 
lelatnely uncomplicated lecoieiy fiom this pienously highly fatal accident 
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HEMANGIOMA OF TILE ilEDIASTIMAI 

Review of Literature akd Report of Case 

F Hex-rt Elus, Jr , MX> ,* John V Kirkuk, MD * and 
Lewis B Voolker M.D ** 

Rochester Mikk 

V ASCULAR tumors are common tumors and are found most frequenth m 
tUe sUin and mucous membranes Th.ev are found also in tlie central ner\ ous 
si stem and abdominal viscera The hemangioma is one of the commoner a os¬ 
cular tumors, but it is rare for a hemangioma to develop m the mediastinum 
In fact, with one exception, 1 most recent reports of large groups of mediastinal 
tumors fail to mention its occurrence at all This ease was not discussed m 
sufficient detail to he included in this review ATe were therefore surprised to 
encounter five vascular tumors m a recent leview at the Mavo Clinic of medias¬ 
tinal tumors m infants and children 2 Two of these were hemangiomas, one of 
which had been reported previouslv 3 

A review of the literature (Table I) meals that all documented eases of 
this condition have appeared within the last II vears Because of the rantv 
of this condition and the likelihood that it will be encountered more frequentlv 
with the increasing use of exploratorv thoraeotomv foi indeterminate mediastinal 
tumors, the following case is reported. In addition the literature has been 
renewed in an attempt to determine whether ant characteristics ot this condi¬ 
tion mar lead to a correct preoperative diagnosis 


REPORT OF CASE 


The patient, a 0 rear old bov was fir'd seen at the Clime on Kov 2S, 1052 
There tons no family hi'tor. of significant diseases and the patient had been m good 
health during his earlv childhood Because of vague symptoms of easv fatigability a mobile 
chest unit thoracic roentgenogram lind been taken 3 montlis before admission This was 
reported to be abnormal There was no Ui'torv of cough, hemoptvsis, dvspnea, thoracic pain, 
or fever 

Phv«ical examination revealed n blood pressure of 12S mm. of merenrv svstobc and SO 
dm'tobc, a pul«e rate of 76 per mmute and a temperature of os 9° F There was a soft 
apical systolic murmur 

The result* of laboratory studies including routine urinalvsis, hemoglobin ervthrocvte 
and leukocyte counts and ervthrocvte sedimentation rate were within normal limits The 
cutaneous reaction to tuberculin was negative 

Roentgenograms of the thorax (Fig li revealed a rounded shadow m the nuteriOT 
mediastinum projecting into the left «ide of tin thorax. Fluoroscopy of this mass demon 
'tinted pulsations which seemed to be expansile m character 

Because of the presence of an indeterminate media'tinal moss, exploratory thoraeotomv 
was adv ised On Dec 11 1P52, a left po-terolaternl mcwion was made and the left side of 


l.nix 5 o?\°tmn 0 cLom tkm Roche?ter ' Unne «* a - ls » ot the Graduate School ot the 

Rrcrhii) for publication Jan, 

• fcTi'. 0 ," ° r , S “ rccri Mnro Clinic and Alai o Foundation. Rochester Alinn 
Sutton ot C urclcal Patholocx Mmo Clinic and Mmo Foundation. Rochester Minn. 
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SE\ AND LOCATION IN SIZE OR 

CA8F AUTHOR \EAR \OE* MEDIASTINUM WEIGHT OPERATION FOLLOW UP 

Proved Cases, Photomicrographs Available 

l Adams and BloclH 1944 M34 Right nudantorior 18 by 10 by 5 Incompletely roniovod AU\o 4 yenrs later 
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HEMlAKGIOXIA OF MEDUSTKUil 


—u.n.*Esr " r — s “' *«-* a 

^rjsa: r.r^:rs: 

th roach the math intercostal space for postoperative drainage 

The patient s postoperative course was uneventful The chest catheter was removed 
on the tlurd postoperative dav and he was dismissed from the hospital after S davs Two 
vears later the child is asvmptomat.c and the thoracic roentgenograms reveal no significant 

abnormal tv 



Fig. 1 —Thoracic roentgenograms tn a ca«e of mediastinal hemangioma, a, Postero- 
anterlor projection rounded tumor mass oierlylng the aortic shadow and projecting Into 
the left side of the thorax, b, Lett lateral \ lew tumor In the anterior mediastinum 


The specimen measured 6 bv 5 bv 4 cru. On cut section (Fig 2, a) it was seen to be 
made up of spongT lasculnr tissue with cvsfic spaces Microscopic examination (Fig 2, b) 
revealed tvpical benign cavernous hemangioma Proliferating smooth muscle cells were 
present in the 'epta 


comment 

A hemangioma is a benign neoplasm composed of numeious blood vessels 
of vamng size and adniL\tures ot other mesodermal tissues such as fibrous 
tissue smooth muscle, and fat It mav be encapsulated oi locallv infiltrative, 
but it does not metastasize 

In reviewing the litcratuie, an attempt was made to include onlv cases fit¬ 
ting this description in which the hemangioma was limited to the mediastinum 
AU cases of malignant vaseulai tumors were excluded In so doing, some cases 
prcuouslv reported as hemangiomas of the mediastinum have been eliminated 
while others listed as hemangio-endotlieliomas have been included Hemangiomas 
of the diaphragm'" and pei lcardnim' 0 were not included m this group of^medi- 
astnial hemangiomas The two eases of Borgstronr (Cases 2 and 3) in which 
the patients weie newborn infants are howevei open to question as possiblv 
being of pericardial oi diaphragmatic ongm One case (Case 7) of Sehlum- 
htrgcr m which hter a malignant teratoma of the mediastinum was found ls 
also open to question 
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A total of 19 cases of hemangioma of the mediastinum haie been leported, 
including the case leported here Tim teen of these are classified as proved 
cases because photomicrogiaplis compatible with tins diagnosis weie published 
in the reports Six aie unpioved in the absence of photomicrographs, although 
m all likelihood they aie all authentic cases It is difficult to explain why 
no cases were leported prior to 1944 



Fig 2 —a Cut surface of gross specimen of mediastinal hemangioma, b Photomicro 
graph of a multiple blood-filled spaces with \arying amounts of Intervening connectUe tissue 
and proltferathe smooth muscle (Hematoxylin and eosin X76 ) 

Special Characteristics —All age gioups are lepiesented m this series of 
19 eases, beginning xsith the neuboin penod up to and including the sixth 
decade of life The two sexes were equally affected No charactenstic svmp 
toms ueie noted, many patients bemg completely symptom-free until a loutme 
thoiacic loentgenogram disclosed the tumor Symptoms, when present, weie 
the usual ones related to thoiacic disease, for example, cough, thoracic pnm, 
feier, and dispnea 


E1X1S £T VL 


HEiLASGIOVIA OF MEDIASTDVCJI 


1S5 


Roentsenologieallv these tumors have a discrete curved outline and mav 
he ionnd edher on the iigbt or on the left side The most characteristic feature 
of this unusual condition is its location In onlv two eases was the tumor located 
m the postenoi mediastinum In the remaining 1< cases the tumoi was an- 
teiiorh located, either m the upper, mid-, 01 lower portion of the antenoi 
mediastinum or m the superior mediastinum This consistentlv antenoi me - 
astmal location is shared hr onlr two other trpes of pnmarr mediastma 
tumors thvmomas and teratomas 

Ong in and Pathology —No definite statements regarding the origin of 
mediastinal hemangiomas are justified trom the available data although some 
speculations can be made Hemangiomas in general are consideied as develop¬ 
ing fiom vasenlar mesenchvme This angiohlastic tissue remains discrete and 
separate from the other normallv distributed cells which proceed to form the 
normal blood vascular pattern This concept assumes a congenital origin foi 
hemangiomas, an assumption which is in keeping with the fact that vascular 
tumors of the mediastinum are more frequently encountered in children than 
m adnlts 1 Onlv one-fourth of the reported eases ot hemangiomas of the medi¬ 
astinum occurred m children however It is quite conceivable that manv of the 
eases m adults would have been uncovered at an earlier age had thoracic loent- 
genograms been made sooner 

It is tempting to lelate hemangiomas to teratomas of the mediastinum 
Both neoplasms occur primanh m the antenor mediastinum The second case 
of Sehlumberger (Case 7) lends some support to this concept A hemangioma 
was removed trom the anterior mediastinum of an asvmptomatic 19-veai-old 
mau one veai before a malignant teiatoma was removed from the same location 
Anothei vaseulai tumor associated with a mediastinal teratoma has been re¬ 
ported hr Eluemeieh and associates 11 Howevei, eareiul histologic sampling 
of the two mediastinal hemangiomas m the files of the Clune, the one xeported 
here and that of Sevbold aud associates, 3 fails to support a teratomatous origin 
of these tumors 


The histologic appearance m the reported cases of mediastinal hemangiomas 
vanes from that ot a simple hemangioma composed of encapsulated blood vessels 
to a more complex picture Varvmg amounts of smooth muscle, fibrous tissue, 
fat and e\ en bone are present m some cases Stout- 3 has classified such tumors 
ns mesenclu momas and has stated that thev are probablv initiated as a result 
of developmental faults and can be regarded as dvsontogenetic growths 

Treatment —Surgical removal is, of course, indicated m all cases of medias¬ 
tinal hemangioma since it is unhkelv that a correct pieoperatne diagnosis can 
he made In 14 of the 10 eases exploratorv thoraeotomv was performed In 
10 of these 14 cases the tumor was completelv removed without difficult 


In four cases the tumor was locum imasne ana was either uicomnieie 
removed oi onlv btopsicd All foui patients were alive and well at the tune 
the report seven montlis to four vears postoperativeh Tluee of the four 1 
cened roentgen therupv but m onlv one did thoracic roentgenograms rave 
disappearance of the tumor No change was noted m the size of the tumor ■ 
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thoracic loentgenograms in two cases In addition to these foui cases, m two 
cases repotted by Bergstiom the tumors weie locally invasive, making a total 
of sin locally invasive hemangiomas of the mediastinum out of 19 reported cases 
The value of roentgen theiapy in such cases is questionable In onh one 
case in which it was emploj ed did the mass disappcai on subsequent thoracic 
roentgenogi ams 

SUMMARY 

A case is reported in which a hemangioma of the mediastinum in a 9 t ear- 
old boj was successfully removed at thoiacotomv 

A total of 19 cases of mediastinal hemangioma ha\e been reported These 
tumois are commonly located m the anterior mediastinum and should be con 
sidered in the differential diagnosis of antenoi mediastinal tumors 

Complete surgical removal is usual!} possible but in a significant number of 
cases the tumor may be locally invasne even though it is a benign tumor that 
does not metastasize 
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SUBCARIXAL MEDIASTINAL GRANULOMAS CAL SING 

esophageal obstruction 

Joseph J Garameela,MD • Francis L Stltzman MD 
Richard L Yarco MD and Nathan K Jfn^fv MD 
lillNXEAFOUS Mixn 

D URING the past twelve \ ears, icpoits of granulomatous lesions of the medi¬ 
astinum have appeared with increasing fiequenei pointing to their smgical 
significance in the differential diagnosis and management of mediastinal tumors 
It is the purpose of this paper to lepoit 3 eases of subeaimnl mediastinal granu¬ 
lomas causing obstructive esophagopatliv , an uncommon clinical entiY 

case reiorts 

C\se 1—V A- H, Minneapolis Minnesota No 134-170 Tlve patient was a 21 ' p ' ir 
old ivlnte male student who eras well until Mureli 3, 1054, at which time he noted a rubbing 
sensation in the nght chest antenorh associated with a nonproductn c cough Four davs 
later he experienced nght ohe-t pain and dvsphagia c; olid foods were more troublesome 
than liquids His cough became productive of clear, thin material A temperature of 102 E 
gradnallv subsided during a seven dav uitervnh 

At a neighboring clime, a barium wallow showed narrowing in the mid portion of the 
esophagus as bv extrinsic pressure and bronchoscopy showed an area of ulceration in the 
right main stem bronchus Esoplmgo-copv showed no intraluminal patlvologv Skin tests 
for tuberculosis and fungi were reported negative Esophageal dilatations were performed 
and the dvsphagia subsided His appetite improved and lie regained most of n 10 pound 
weight loss incurred since the onset of his illness In the middle of Mov, right chest pain 
and dvsphagia recurred although not as «everel\ as during the initial episode Chest pain 
was aggravated hi deep breathing or hard work. He was hospitalized on June 1 1154 

Past History —The patient admitted having had German measles, whooping cough, and 
frequent colds ns a child A tonsillectomy was performed m 1041 A traumatic circumcision 
was sustained in 1042 Pneumonia occurred iu 1951 
Family History —Xoncontributorv 

Systemic Jleneir—The patient admitted to easi fatigue There was n sensitivity reac 
tion to tetanus toxoid 

Physical Examination —The patient was well developed and well nourished and did not 
appear ill Temperature, 9S 6° F pulse 6S blood pressure, 10G/GG min. Hg, height 5 feet 
9 inches, weight, 135 pounds Complete examination revealed onlv ‘ sliottv 11 cervical nodes 
bilaterallv 

laboratory Data —'The hemoglobin was 13 0 Gm. white blood count, 6,400, normal 
differential count, sedimentation rate, 42 mm. in one hoar, and unnalvsis normal The 
tuberculin skin test with purified protein derivative first strength was one plus Histoplasmm 
skin test was two plus Coecidioidm and Frei tests were negntne Sputum examinations 
for acid fast bacilli were negative ns were cultures and guinea pig inoculations X rav of 
the chest showed mottled calcifications and an ill defined mass m the subcannnl area (Fig 1) 
An esop hagram showed definite narrowing for approximated 6 cm. just below the canna 

ot ^ teranS A ' ,m,nislrat 'on Hospital and Entversltv 

Received tor publication Jan. 27 1955 
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Fig 1—Case 1 Lateral planlgTam showing ill defined ma^s In subcarinal area Mottled cal 
ciflcatlon not readily apparent In photograph but seen in x ray (Aug 30 1954 ) 



Fig 2 Fig 3 

Fig 2—Case 1 Left anterior oblique projection Barium swallow showing narrowing 
of the mid-esophagus at subcarinal le\el (June d 1953 ) 

Fig 3—Case 1 Barium swallow spot film showing esophageal defect (Aug 26 1954 ) 
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fluoroscopic study Bronchoscopv performed ou line lo, Vto*, fc. 

carmal area and absence of the cnr.nal spur Ou the medial aspect of the rigid mnin^ ™ 
bronchus there was a protuberant granulomatous mass _ In - mm 

contact and from winch exuded a thread of thick, creams nmtenal The eft mmn tern 
bTonehus was partially narrowed ns b\ extrinsic pressure The mueo a , 

deeplv reddened „ „ i 

Mings of the bronchi submitted for acid fast bacilli and fungi proved negatne A 

biopsy of the mucosa in the cannal area showed subacute and chronic inflammation wi i 
several multmucleated giant cells of tbe Langbnns tipe There was no necros.s and epithelioid 

cell granulomas were absent . 

Hospital Course —With the foregoing data, it was felt that this patient hnd pnr in 
esophageal obstruction due to the enlargement of sulicnrmal lvmph nodes Svnco tubercu osis 
was considered as a strong po«sibilit\ m the differential diagnosis, despite the lack of bacterio 
logic coafirmation, cliemotherapi was started on June 30, 105f, consisting of streptomycin, 

1 Gm,, twice weeklv, and para aminosalicylic acid, 12 Gin , dnilv A broneholith was coug led 
up daring the hospital Stax 

Early in Julv, the patient’s disphagia disappeared On Sept 10, 1054, bronclio«copj 
was repeated showing the ennna to he sharp and clean The ulcerated area in the right 
mam stem bronchus was still present but was no longer f nnble or draining The inflammatory 
changes m the left mam stem bronchus were less marked 

Because of the persistent bronchoscopic changes suggesting a chronic, smoldering mflnm 
matorv process and because of the inability to rule out other mediastinal lesions, tliorncotonn 
was elected 

Operative Report—Right thoracotomv was performed on Sept 0, 1054, in the lateral 
position through the bed of the 6ixth rib The pleural space was free There was some 
scarring of the apical pleura but tbe lung was otherwise free of palpable disease There was 
a firm mass approximate!! 6 cm in largest diameter m the subcarinnl area, grossli resembling 
chronically inflamed lymph nodes The mass was densely adherent to the Tight and left main 
stem bronchi, to the pericardium and esophagus, compressing tho right side of the latter 
Sereral peribronchial and inferior mediastinal lvmph nodes were noted and wctc not Temurh 
able 

The mediastinal pleura above and below the subtnnnnl mass was raised allowing mobihza 
tion of the esophagus and thus better orientation of the relation of the tumor to the surround 
mg structures The mass was then sharpie dissected from its attachment to the right mam 
stem bronchus, revealing n granular area on the inferior margin approximately 1 cm in 
diameter suggesting the «ite of ulceration and eruption into the right mam stem bronchus 
In similar fashion, the mass was excised from its attachments to the pericardium, left mam 
stem bronchus, and esophagus In one areR of the esophagus, the subtnucosa was bared Te 
quirrng reconstruction of the museularis A frozen section examination of the resected speci 
men confirmed the inflammatory nature The chest was closed with drainage The postopera 
tive course was uneventful The patient had no disphagia three months postoperative!! 

Pfltfiolopic Hcport —Gross appearance (Fig 4, .1 and B) The specimen consisted 
of a mass of tissue which measured 0 5 bv 4 by 2 cm It was slightly irregular and hnd a 
smooth fibrous surface except m one area where there was a groove measuring 3 by 2 cm 
with a rough hemorrhagic base in which there were studded many fine white dots On cut 
surface, the mass had a fibrous capsule from which there were numerous fibrous trabeculae 
ooursmg through the intenor and between which were small areas of soft, tan tissue, and 
nodules consisting of pale, yelloinsh white, pasty material measuring 8 mm in greatest 
diameter Microscopic cx nm ,nat,on (Fig 5, A and B) The mass consisted of a fibrous and 
lymphatic tissue background m which there were numerous epithelioid granulomas, many of 
which contained necrotic centers and numerous multmucleated giant cells A multmucleated 

f Pre Tc WU ' Ch contBlnea a Sc ''»“w alm 's body Foci of calcification were also noted. 
Acid fast and fungus Btnins failed to Tevea! any organisms 

culusif ‘“ 5 "°* ,S - GraMW '> us inflammation of the mediastinal lymph nodes, probably tuber 
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Gross specimen as remo\ed 


Gross specimen In cross section 
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Fig 5 —Case 1 A Photomicrograph show ing a large granuloma w Ith a caseous center 
and epithelioid zone present In the right upper quadrant. MultLnucleated Langhans-t} pe giant 
cells are noted on the periphery of the granuloma (XI00 reduced Vi ) B Photomicrograph 
showing multiple epithelioid granulomas w Ith central areas of necrosis Large zones of fibrosis 
are apparent. (X3G reduced H ) 
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Case 2—St Mark’s Hospital, Minneapolis, Minnesota, No 21S144 A 39 year old 
white housewife was hospitalized on March 25, 1954, complaining of dysphagia of ten weeks’ 
duration commencing with liquids and progressing to solid foods She also noted weakness and 
frequent regurgitation For one week she experienced serere odynophagia and regurgitated 
all ingested food Forty eight hours prior to admission she refused all foods 

Past History —Hvpotlii roidism followed a thy roidectomy done in J94S Appendectomy 
and bilateral tubal bgation were previously performed 

Family History —Diabetes mellitus and tuberculosis were elicited 
Systemic Feuew —Noncontributon 

Physical Examination —The temperature was OS 6° F , pulse 76, blood pressure, 126/70 
mm Hg The patient was well developed, well nourished, and appeared in a mild state of 
anxiety The general physical examination was otherwise not remarkable 



Fig C—Case 2 Right anterior oblique projection BRrlum swallow showing filing defect of 
esophagus In the mid-portion suggesting: an extrinsic lesion. (April 23 1964 ) 


Laboratory Data —The urinalysis was negative, hemoglobin, II 4 Gm , white blood count 
S,100 Routine x rax of the client xvas negative A barium pwnlloxv showed a filling defect 
of the esophagus m the mid portion suggesting an extrinsic lesion (Fig 6) 

Hospital Course —Esoplmgoscopy failed to reveal an intrinsic lesion There was definite 
fullness on the posterior wall of the esophagus, 27 cm from the incisor teeth An extrinsic 
tumor mass xvas noted on the posterior and right lateral xvall The esophago c cope was not 
advanced beyond the tumor lex el Aspiration studies for tumor cells and acid fast organism' 
were negative On March 26, 1954, thoracotomx was performed 

Operative Deport —The right pleural space xvas free In the tip of the middle lobe 
anteriorly, there was a “sliottv” area of granulomatous infiltration characteristic of old 
stabilized tuberculosis The pleura was adherent to the tumor which was palpable betxveen 
the right main bronchus and the esophagus and extended down along the posterior aspect of 
the intermediate bronchus The lower pole of the tumor penetrated the esophageal wall and 
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was al«o dencelv adherent to the vtgu* nerve bronchus, and surrounding structures Frozen 
section studv of n portion of the mass disclosed mflamiuaton changes The tumor ivas dis 
sected. from the esophagu' the mmculam being returned to the <=ubmuco<n. Mnnv poehe s 
of purulent material were emountered in the granulomatous tumor mnss The~e were aspirated 
and reserved for culture and microscopic examination The muscular defect in the esophagus 
was repaired The infiltration in the tip of the middle lobe was removed b\ clamp resection 
and the chest was closed with catheter drainage 

Patholomc Report —Gro?s appearance The specimen consisted of three lvniph nodes, 
the largest of which measured 5 bv 2 5 b\ 2 5 cm On gro** examination there were numerous 
areas of vellowish necrosis A segment of pulmonarv pnrenclnma measuring ^ b\ 2 bv 1 cm 
showed on gro*s examination multiple areas of nccro*i* up to 15 cm m diameter 
Microscopic exonunofion (Fig 7) Sections of the lung and ) vmph nodes repealed the 
presence of large and small granuloma* The smaller ones were composed entirelv of epithelioid 
cells and the larger one* showed central necrosi* There were nl*o noted scattered Langhnn^ 
tvpe giant cell* Stains for acid fast organism* were negative Cultural studies for acid fast 
organisms and fungi were negative 



Fig- 7 




ibaj.ojw—P.l monttrr lrmph node (prnlIll1c ,„, rls of . Jn ,j,..„ nn , n .^ etlologt 

Postoperative Course —The immediate convalescence was uneventful Because of the 
later "Jr Four months pmdoperativelv the patient had no dvsplmgm One mouth 

™.f s ziz r? "tr* ,,, ”U 

v ot pam m the epigastrium about ten minutes after eating 

CtSE 3 TJmvereitv of Minnesota Hospital Xo SolSO-i ti.o ^ i . 

r 3 "*™ he a """ p,a »“• ,h ™*" 

«. - ,h.. sl *. z r \TL *: 
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further dysphagia but did experience slight odynophagia especially- if Ins food was lumpy 
On April 20, 1953, a piece of beefsteak stuck in his esophagus and lie subjectnely localized the 
obstruction near the nnd esophagus A similar episode occurred on April 24, 1953, and during 
the night of April 20, 1053, he yvns awakened with spasmodic esophageal pain He consulted 
his physician on April 27, 1953 

Past Eistory —The patient had frequent episode* of seyere sore throat with Streptococcus 
vtndans as the eausatne organism His tonsils had been hypertrophic since early childhood 
Family Eistoiy —Xoncoutnbutory 
Systemtc Renew —Xoncontnbuton 



Fig S—Case 3 Right anterior oblique projection Barium sryalloyy showing esophageal defect 
and displacement of the esophagus to the left 

Physical Examination —The patient yvns a yvell developed, well nourished individual who 
showed no evidence of chronic illness The temperature was 100° F , pulse SS, and blood 
pressure, 135/80 The only gross abnormal physical finding was the presence of large, soft, 
furrowed tonsds yvluch were inflamed 

Laboratory Data —The hemoglobin was 14.1 Gm , yvliite blood count 9,S50, neutrophils 
S3 per cent, lymphocytes 14 per cent, monocytes, 3 per cent The sedimentation rate was i > 
mm in one hour The urinalysis was normal Tuberculin skin test with second strength ITU 
was negative Sputum studies for acid fast bacilli yyere negative Histoplasnnn skin test 
1 1,000 was negative Peripheral blood smear showed no evidence of leukemia Roentgenologic 
examination of the chest in the posteroantenor position showed a mass m the mid mediastinal 
area extending to the right side The mass was of indeterminate character, and on lateral 
projection the mass occupied the middle of the posterior mediastinum 
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An esopliagrara revealed a large attached to the «gUji poster,or PorUon °£ the 

esophagus, displacing the esophagus to the left It appeared to bo cxtralunmml 

mUral A F pLperaUve diagnosis of mtnmural esophageal other luomv o-urcoma or 

leiomyoma, was made , 11,1 

Operatae Jlcport -On ilav 1, 1055, right thoracotomy was performed in tl»e lateral 
position through the bed of the fifth nb The pleural space was free There was no palpal) 0 
Lease in the lung parenchyma A firm mass, 7 by 5 In 3 5cm, was present in the subear,nu 
area d.splacmg the esophagus and right lower lobe bronchus The esophagus and right lower 
lobe bronchus were bent over this tumor The ma«s was excised from these structures to 
which it was adherent The chest was closed with drainage 

Pathologic Beport—Gross appearance The specimen was an irregular muss of firm 
tissue 7 hi 5 7 hi 3 5 cm which seemed to consist of enlarged hnipli nodes On sectioning, 
large areas of gransli, white, caseous material measuring up to 1 5 cm were noted 



... 9 — Photomicrograph showing In the left half of the field a large area of fibrosis 

architecture? 11 ^ xToo* ‘i^ced''y granuloma ‘ ; The rlght halt of the 11 eld shows lymph node 


Microscopic Appearance —(Fig 9 ) JXicroscopically, portions of limph nodes wore seen 
with large areas of necrotic, granular, pink staining material surrounded bv epithelioid cells 
and a few multinucleated giant cells Many polymorphonuclear and mononuclear inflammatory 
cells were seem The surrounding tissue showed an increased amount of fibrous tissue and 
carbon pigment Some calcific material was present m necrotic areas Xo tubercle bacilli 
were seen with special staining techniques The appearance of the specimen was compatible 
with tuberculosis or similar granulomatous processes 


Diagnosis Chronic granulomatous inflammation of mediastinal Ivmpli nodes 
Postoperau re Course-Postoperatnely the patient developed partial atelectasis of the 
nght lung which cleared with intratracheal suctioning Eighteen mouths postoperatively there 
were no esophageal svmptoms 1 3 
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DISGLS=ION 

Piazzi-Martmm’ desenbed eases of mediastinal tubciculonid and gumma 
Haines* recognized the decelopment of mediastinal tumefaction due to hmph 
node enlargement m the course of si stem it ttiheiculosis or si plnlis and also men¬ 
tioned the necessitv of differentiating these tumors from other nen grouths 
Grow * 1 2 and his associates reported 8 eases of Vnbei culous lx mphadenopathi m 
73 cases explored for mediastinal lesions Additional details uere lacking 
Grace’ is credited mtli the first surgical e\tn pation of a mediastinal granuloma 
and others haie since reported cases treated siirgicalh These are summarized 
in tabular form (Table I) 

Anahsis from the aiailahle mfoimation in the 3D collected cases smgicalh 
treated including 3 of this report zeieals the following data (Table II) 

Other similar eases not tieated In suigieal excision h<ne been reported In 
Perasalo* and Storec 14 Paulson" commented on 2 additional cases under ob 

Table II 

Age 2 CO rears 

c S?v 1G females 
22 males 

1 not recorded 

Svmptoms 16 arvmptomatic 

6 dvgpnea 

8 cougli 

7 client pain 

6 dvspliagia 

3 odvnopfiagia 

1 fever 

4 others 

2 not reported 

Mediastinal location 


Tnbercnlm «kin te“t 


Other shin tests 


Preoperative diagnosis 


ton! fast ba< ilh 


lb right posterior superior 
~i nght superior 
1 right posterior inferior 
3 left antenor superior 
1 left posterior inferior 

I right and left superior posterior 
1 left hilus 

1 antenor cardiophrenie angle 
1 level of canns 
C ■mbcannal 

II positive 
13 negative 

3 not done 

12 not reported 

12 negative 

1 positive 

4 not done 

22 not reported 

2 correct 

2 probablv correct 

n°<rtpvra ° tberi (CaCCS 21 2<?) BXimber corTect 

4 positive 
2S negative 
" not reported 
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serration, 1 asymptomatic and 1 -with dvsphagia, both with presumptive diag 
noses of tuberculoma Fiew 1T reported a case of esophageal and tracheal ob 
struction at the postcarmal level Biopsy through intact esophageal mucosa 
showed a histologic pattern typical of tubeiculosis Bactenologic confirmation 
was lacking Clerf 18 reported a ease of a 22-year-old seminarian with dvsphagia 
and odynophagia The esophagus wms nariow r ed at the level of the aoitic arch 
and displaced anteriorly The mueosa was inflamed Purulent drainage was 
promoted by instrumentation Bactenologic studies showed tubeicle bacilli, a 
few pneumococci, and streptococci The source of infection was presumed to 
he tuberculosis of the mediastinal nodes Jacob 16 presented a case of a 28 jeai- 
old woman with esophageal obstmction at the level of the aortic arch Acid 
fast bacilli were recoveied fiom a subclaviculai node Radiotherapy to the 
mediastinal nodes rendeied a good lesult 

COMMENT 

Although the etiologv of practically all of these mediastinal lesions remains 
indeterminate with our present methods of investigation, the piobable relation 
to tuberculosis warrants continued attention This aspect of the problem is 
of more than academic mteiest m view of the beneficial effects of antimicrobial 
drug therapy in tuberculosis In earlier leports of tubeiculosis involving the 
esophagus, the process had advanced m most instances to the stage of ulceration, 
perforation, or fistulization with the trachea or bronchi Denonnvilliers 20 re 
ported the first case m 1837 Flexner 21 discussed the pathogenesis, emphasizing 
the different routes of infection Loekhaid 22 reviewed the literature and col¬ 
lected 103 cases, 69 of which could with reasonable certainty be classified as 
tuberculous In his studv, extension bv continuity fiom caseous bronchial 
glands was by far the most frequent etiological factor accounting foi 35 of 103 
cases studied Although the etiologv of the cases lieiein reported by us has not 
been confirmed bv bactenologic studies, it is suggested that the location of the 
granulomatous lesions, the histopathologic characteristics, the lesemblance to 
similar cases cited in which the bactenologic studies confirmed the diagnosis of 
tuberculosis, are not coincidental It is, nevertheless, agreed that the teim 
tuberculoma should be reseived onlv for those cases m which specific acid-fast 
organisms are found 

Admittedly uncommon, at least 6 and piobablv 2 others (Cases 13 and 14) 
of the collected cases suigicallj tieated, presented with symptoms referable to 
the esophagus and, therefore, mediastinal granulomas should be considered m 
the differential diagnosis of obstructive lesions of the esophagus A sufficient 
number of granulomas have been leported to assign them a ughtful niche m 
the classification of mediastinal tumefactions and thej are theiefore worthv 
of attention m managing indeterminate mediastinal lesions 

Although no particular teclmical surgical problems were encountered m 
the 3 cases reported, these have been mentioned bv others (Samson and asso 
ciates, 10 Storej, 14 Kunkel 10 ), particulailv m dealing with lesions lelated to laigc 
vessels This is consonant with the character of the underlj mg pathologv The 
sequelae of tracheal, bronchial, and esophageal and vascular obsti notion m given 
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instances establish mediastinal gianulomas as potentially haamdons ^ 

serious consequences of mediastinal fibiosis Presumably of g^nulomatons oi V 
are Mell illustrated by a case cited bi Kunkel- m Mlncb t beie 
bronchial obstruction and also In tlie fascinating case of Eduards and Burchel 
m which the venous return from both lungs was completely occluded except fo 
the right inferior pulmonan iem, with lcsultant pulmonary hypertension, icn- 
tncular failure, and death It is felt that symptomatic and doubtful lesions 
present definite indications for surgery 


SUMMARY 

1 Three uncommon cases of subeannal mediastinal gianulomas pioducing 
esophageal obstruction are presented 

2 Previously reported cases of mediastinal gianulomas surgically treated 
are reviewed. 

3 The etiology of most of these lesions remains challenging but the piobable 
tuberculous ongin demands continued special attention 

4 Symptomatic and doubtful lesions aie definite indications for snigeri 
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SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS IN AN 
ISOLATED SANATORIUM 

A Five-Yeah Studi of Trends \nd Results 

A L Paine, M D 
Ninette, IManitoba 

INTRODUCTION 

D URING the eaiher days of this centmv when bed lest, fiesh air, and se 
elusion rated high as tieatment for tubeieulosis, many sanatonums were 
located in isolated areas Li keeping with this tiend, Manitoba Sanatorium 
was built in scenic suiioundings m 1909, about 150 miles fiom the chief medi 
cal and population eentei of the Pi ounce With the widespiead adoption of 
suigical collapse m the nud-thnties many such institutions met the problem 
of majoi chest surgeiy, either by sending then patients foi operation to the 
neaiest large eentei, 01 by having a consultant suigeon come in periodically 
to do the woik Less fiequently the sanatorium setup a self-contained snrgi 
cal unit with all opeiations peifoimed by the resident medical staff In sup 
poit of this plan, Ross 1 in 1937 discussed the adi antages of a sanatorium doing 
its own suigeiy, a policy vhich Manitoba Sanatoimm adopted at that time 
and has adheied to e\ei since 

The plan succeeded veil fiom the hist Meltzei, 2 3 * who vas lesident 
surgeon fiom 1936 to 1941, published lesults in thoineoplasty and extrapleural 
paiaffin plombage which compaied veiy faioiably with those obtained else 
where Since 1941, I, as lesident suigeon, haie peiformed all the operations 
on patients of this institution The problems of a Sanatoimm doing its own 
suigeiy haie multiplied m recent years foi this 280 bed hospital Isolation 
is the pume obstacle The universal nuising shortage, vorse in a sanatorium 
because of tuberculopholna, is fuithei accentuated by oui distance from 
laigei centers At fust, anesthesia gaie no special concern, because m the 
collapse therapy era ve used a local anesthetic foi all chest wall operations 
Latei, with the mcieasing need of pulmonary lesection, the lack of a resident 
anesthesiologist vas a serious handicap, and necessitated bringing one in for 
each such opeiation Early in 1953, the problem of anesthesia was solved by 
training one of oui own staff and since then the use of resection has markedly 
inci eased 

At times i\e ha\e senously cpiestioiied the merit of keeping up our surgi 
cal seivice under existing difficulties Nowadays, patients, as well as staff, 

From The Manitoba Sanatorium dinette Manitoba 
Receded for publication Jan 27 1956 
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taken for direct examination foi tubercle bacilli anti fm eultnre e s) 
men is then photographed in color and sent a«ai fm gu.ss and nncioseopic 

pathological exauunation 

These eircumstant.es undo which the surgen to bo icpoited was done 
haie been outlined to sene as a background foi bettei appraisal of the meth¬ 
ods used and results obtained That the suigcn was peitoimcd at the Sana¬ 
torium bv a resident staff nndei a considerable handicap imposed bv isolation 
mar actuallv add interest to the senes and it is lielieied has not ndiciselv 
affected the results of treatment herewith piesented 


u \teri\l 

A list of all major surgical opeiations done during the five-i ear studi 
period from Jan 1 1949 to Tan 1 19>4 is gnen m Table I Xumbeis l efer 
to how often the procedure was performed and not to individuals tieated In 
some instances patients had moie than one procedure on the same side as m 
resection following failure of thoracoplastv m othei cases bilnteinl snrgerv 
was done The thoracoplastv listing includes S operations to obliteiate pleural 
space before or after leseetion and 3 foi tieatment of cmpiema Thus Table 
I presents the total amount of surgen done in the fn e-venr period but does 
not lend itself to an analysis of results 


Table I Complete List or Surgical Problems* 


PROCEDURE j 

\TUBER OF TIMES l SED 

Thoracoplastv (completed operations not stages) 

HI 

Revision thoracoplastv 

S 

Estrapenosteal plomtiage 

21 

Pulmonarr resection 

SO 

Decortication 

D 

CavernORtomv 

5 

Extrapleural pneumothorax 

i 

Total 

26S 


•Manitoba Sanatorium Jan 1 to Jan 1 1^54 


For purposes of anolvsis, the studv has been confined to 219 patients who 
received major surgical treatment of parenchvmal disease onlv Of these 
194 patients had unilateral snrgerv 25 patients had bilateial suigen 9 of 
whom had both sides operated upon during the the-vear studv period and 1G 
of w horn had one side completed before the studv began All patients received 
some antibiotic theiapv The earlier cases often had onh a few dnvs of 
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streptomycin diuing opeiation, although a six weeks’ eouise of 0 5 Gm daily 
uas not uncommon m 1949 Latei, combined antibiotic therapy became rou 
tine piactice wuth the treatment penod steadily meieasing 

DEFIAITIOX OF TERMS 

In classifying lesults of tieatment, “negative sputum” means sputum nega 
tive to smeai, concentiate, and eultuie of gastnc contents Patients takmg 
dischaige too soon to alloy complete sputum testing aie consideied positne 
until picked othenvise In fuithei sputum examination “PnmaiT comer 
sion” lefeis to sputum lendeied negative hi the first suigical piocediue and 
secondaiy eonveision” refeis to sputum becoming negative aftei a fuithei 
suigical piocediue 

Postopeiative deaths oi complications me those occumug within sixty 
days of opeiation, those aftei this penod aie teimed “late ” The final date 
foi evaluation of status was placed at Juh 1, 1954, thus giving a follow up 
penod of six months foi all cases and a maximum follow-up of five and one 
half reais 

60 


50 


40 

C3 

O 

CD 

5 

o 30 

m 

u 

I 

* 20 

10 


Fig 1 Fig 2 

Fig - 1—Crapli showing the changing incidence of surgical collapse and pulmomn 
rejection 

Fig 2—Craph showing the incidence of mandatory and electee resections 



FoUoit-up Classification —Almost all patients aftei dischai ge obtain the 11 
pcnodic examinations In letuming to the Sanatonum oi attending stationary 
oi tiavelhng clinics opeiated bv the Sanatonum Boaid This gives gi "niter 
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accuracy m roentgenographic mteipietation and estimation of stability of dis¬ 
ease than one could expect from reports of local pin acinus Lmng patients 
are classified under four commonly accepted headings as follows 


1 Clinically irell with negative sputum, 

2 Positive sputum oi unstable i oentgenogiam (sahable cases) 

3 Active or piogiessive disease oi respnotory cupple (hopeless cases), 

4 Inadequate follow-up—those v, here most recent lepoit is bofoic Decem- 

bei, 1953 and/or less than siv months postopeintnelv 


AN ALT SIS 

TJjulatcral Surgery— As stated befoie, 194 patients had uiulateial sin¬ 
gers , 137 lecened collapse therapy as a pimiaiv pioccduie and of these, 22 
also underwent resection before the end of the study period in addition, 57 
othei patients m the uudateial group had lescetion uhich makes a total of <9 
lesections foi analysis The vanous piocediues emploved with their yeaih 
mcidence are shown in Table II It will be seen that the number of patients 
with collapse therapy dropped from 33 m 1949 to 9 m 1953 nlnle those treated 
by lesection lose m the same period fiom 3 to 53 As elseuheie antibiotic 
therapy is the chief factor in this ievei sal of incidence Iloueier the trend 
toward resection came later than usual m the present senes due to the lack 
of lesident anesthetic service in the earh veais of the study In 1953, when 
this seivice was established, there \\as a marked upswing in resection suigeiy 
with a corresponding drop in collapse surgery as graphically illustrated in 
Fig 1 A point of special interest is the increased use of apical, or 5 nb 
thoracoplasty toward the middle of the study penod, ns seen m Table II 
Rapid clearng of disease with antibiotic therapi permitted the use of this 
less exteusire thoracoplasty with mcieasing fieqnencv It w as often applied 
as collapse treatment of residual foci in place of lemoial bi resection as we 
are now doing Usually cavitation, if piesent, had been gieath reduced Our 
interest m extrapenosteal pack did not develop until 1951, so the place of 
this procedme was parth taken bv apical thoiacoplnstv 

Table II t mlateral Sirgeft 1919 to 1953—216 Cases 


_ PROCEDURE _( 

< ollapse Therapy 

Standard thoracoplastv 
Apical thoracoplastv 
Revision thoracoplastv 
Estrapenosteal plo mbage 

__ total _ 

Resection 
Pneumonectomv 
Lobectomv 
Lobectomv plus 
Other multiple rejection 
Uedge rejection 
Segmental rejection 
Lesionectomv 


\l MB HP. EACH YEAR 

1950 I 1951 1 


TOTAL 
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The use of fuither secondary surgery m the vanous collapse groups was 
as follows of 77 patients with standaid thoiacoplastv, 14 had resection, and 
2 cavemostomy, of 39 patients with apieal thoiacoplasty, 4 had lesection, and 
2 ca\ emostomy, 2 of the 13 patients with evtrapenosteal pack had lesection 
later, as did also 2 of 8 patients until levision thoiacoplasty Thus, of the 
whole group of 137 patients with unilateial suigical collapse, 22 ultimatel) 
had resection, and 4 cavemostomy 

As legalds lesection surgery, it will be noted in Table II that it was al 
most entirely confined to pneumonectomy and lobectomy during the first four 
years of the study penod Duiing this period, lesection was done mainly on 
thoracoplasty failures and only when no alternative collapse measure would 
suffice The maiked meiease m lesection m the last yeai of the study was 
due mainly to its moic fiequent use as an elective pioeedure as seen in Pig 2 
Indications foi unilateial lesection are outlined m Tables III and TV In 
37 patients, lesection was mandatoiy, accoidmg to commonly accepted treat 
ment standaids These mdications aie listed m Table III and lequne no com 
ment, except to point out that thoiacoplasty failuie was the most common 

TABm III Indications for Unilateral Resection, Mandatory in 37 Cases 


Thoracoplasty failure 21 

Endobronchial disease with stenosis 

atelectasis or sepsis 0 

Bronchopleural fistula and empcema 1 

Bilateral tuberculosis with low 

pulmonan reserve 3 

Basal or hilar tuberculosis 5 

Tuberculosis plus bronchiectasis 1 

_____ — 


Also, it should be explained that the indication listed as “bilateral tubeiculosis 
with low pulmonaiy lesene” lefers to patients with bilateial lesions of such 
extent and location that surgical collapse was thought likely to encioach too 
much on pulmonaiy reseive In these 3 cases, bilateial lesection was thought 
to be necessary sooner oi later In 42 patients, lesection was consideied an 
“elective” procedure (Table IV) In all elective cases, disease was m the 
upper lung field and the patient had had antibiotic therapy foi an aveiage of 
six months The tieatment of the lesidual disease piesented a problem on 
which there is, of course, no agieement at the present time In some instances, 
such as those with open cavitv and positive sputum, the need foi suigeiw is 
gi anted but collapse could be used i ather than i esection In othei cases, as in 
noncavrtarj disease with negative sputum, the alternative treatment mav be 
prolonged antibiotic theiapv without suigeiy Table IY attempts to list the 
vanous combinations of roentgenographic and sputum status found in the 
“elective” gioup and conelates these with the baeillaiy findings in the 
opeiative specimens In Series I (8 cases) are patients with either open cavitv 
oi peisistent positive sputum, or both, and who would commonly be consul 
eied foi some foim of snigery In this group 87 per cent of the operative 
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specimens showed tubercle bacilli on smeai and 37 pei cent on culture Senes 
II (34 cases) consists of patients uho ongmalh had no roentgenogi aplue cm- 
dence of caxitv and no positixe sputum oi with oaxitx closed and sputum con- 
\ erted bx antibiotic treatment Some of these patients might be considered 
suitable foi piolonged antibiotic theiapx without surgerv, but all had lesidual 
foci considered “significant” and moie than a eentnnetei m diametei Also, 
the operatne specimens all showed caseation with 62 pei cent positixe for 
tubercle bacilli to smeai and 14 pei cent to culture Attention is called to the 
10 cases m the nonenvitaiv alums negatixe group m Series II Of these, 5, 
oi 30 per cent weie tuberculomas all showed tubeicle bacilli on smear of the 
operatix e specimen, 2 w eie positix e to eultm e 


Table 1\ Inmcxtions tor Tmlaterai Resection Elfctixf is 42 Cxsfs 



M MBEF 

01 FFuATI\ V 

SMEAF ros 

SPECIMEN 
j CULTURE ros 

SF.FIES I 

Preopcrafue Status 

Cantv open sputum positive 

O 

0 

- 

Caxrtv open sputum converted 

2 

1 

0 

Cantv closed sputum positive 

1 

1 

1 

Xoncantnrv, sputum positive 

1 

0 

0 

TOTAL 

S 

V 1S7<7<> 

t ( >7% ) 

series n 

Preopcratuc Status 

Ctmtv closed, sputum converted 
Xonci\.vitn.rv, sputum converted 

10 

0 

1 

H 

P 

o 

Xonoantarv, alwavs negative 

10 

6 

o 

TOTAL 

34 

21 (02%! 

5 (UVrl 


RESULTS IN UNILATERAL COLLAPSE THFR \P\ 


All significant data are gixen m Table V which is self-explauatoiv, but 
some details are worth comment The highest incidence of sputum conversion 
of those alne and well is m apical thoracoplastx This is to he expected m 
new of the lesser extent of disease being tieated Even so, 6 of these 38 pa¬ 
tients with final conversion became negatixe onlx bx xirtue of secondarx opera¬ 
tions 


The final conxeisiou rate for the entire gioup of 137 with nmlateial col¬ 
lapse was 84 per cent of which 67 pei cent came with the first operation and 
17 per cent from secondarx- procedures The incidence of tuberculous post¬ 
operative complications is believed to be nnusnallr low Onlv 3 patients (2 2 
pei cent) had a postoperatix e complication Of these 2 patients had a transi- 
tom cardiac decompensation with good lecoxen and 3 dex eloped atelectasis 
requiring bionehoscopv before recoxerv The absence of wound infections 
and postoperative spieads is worths of note Late comphcations occurred m 
8 patients (6 per cent) ui 3 of these a tuberculous tracheobronchitis ulti- 
matolx dex eloped considered to he aggravated bv the collapse Of the othei 
i the late complication consisted of xelapse after discharge m 4 and m 1 
patient the disease continued to pi ogress m spite of sui gerv 
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Table V Results in Unilateral Surgeri—Collapse Therapy 



THORACOPLASTY 

EXTRA 

PERIOSTEAL 



XUMBER OF 

STAL DARD 

APICAL 

TOTAL 

PACK 

REVISION 

TOTALS 

CASES 

NO | % 

NO | % 

NO | % 

NO | % 

NO | % 

no | % 


77 

39 

116 

13 

8 

137 


Sputum con 


version 













Primary 

46 

60 

32 

82 

78 

67 

9 

69 

5 

62 

92 

67 

Secondary 

13 

17 

6 

15 

19 

16 

2 

15 

2 

25 

23 

17 

Final 

Tuberculous 

59 

77 

3S 

97 

97 

83 

11 

84 

7 

87 

115 

S4 

complied 

ttons 













Post 

2 

26 

0 


2 

1 7 

0 


1 

12 5 

3 

22 

operative 













Late 

Deaths 

7 

26 

1 

25 

8 

7 

0 


0 


8 

6 

Post 

0 


0 


0 


0 


0 


0 


operative 

Late 

7 

9 

0 


7 

6 

0 


0 


7 

5 

Living (July, 

70 

91 

39 

100 

109 

94 

13 

100 

8 

100 

130 

95 

1954) 

Well with 

56 

80 

35 

90 

91 

84 

11 

84 

5 

62 5 

107 

82 

sputum 

negative 











10 


Solvable 

6 

8 

2 

5 

8 

7 

1 

8 

1 

12 5 

8 5 

Hopelessly 

ill 

2 

3 

1 

2 5 

3 

3 

0 


0 


3 

2 

Inadequate 

6 

8 

1 

25 

7 

6 

1 

8 

2 

25 

10 

77 

follow up 














Theie weie no postopeiative deaths Late deaths totalled 7 (5 pei cent), 
of these, 2 were not fiom tuberculosis but fioni coronaiy disease two years 
after operation, and from myelogenous leukemia one yeai postoperativelv 
In the 5 late tubeiculosis deaths, the causes weie as follows piogiessive dis 
ease in 3 cases, death aftei pulmonary lesection in 2 cases (opeiation pei 
formed elsewheie m 1 of these) 

As regards piesent status of the 137 patients tieated with smgical col 
lapse, 130, or 95 pei cent, aie living Of the lmng 107, or 82 pei cent, aic 
well with negative sputa, 10, or 8 5 pei cent, aie positne oi hate unstable 
lesions, but are considered salt able, 3, oi 2 pei cent, aie hopelessly ill, 10, oi 
7 7 per cent, aie alive but inadequately followed up 

RESULTS IN UNILATERAL RESECTION SURGERI 

Seventy-nine patients had umlateial resection, as shown in Table VI 
Postoperative complications foi the 79 lesection cases totalled 9, or 11 pci 
cent They occurred most commonly in the multiple lesection gioup of which 
there weie 5 Of these, 1 patient had a bronchopleural fistula and anothei 
a tuberculous wound infection Both had been wai prisoners with a pool 
nutritional background. Tiro patients had postopeiatne hemoirhage into 
the pleural space which lequned no suigical interfei ence One patient had on 
air leak -which closed with complete ic expansion aftei a combination of 
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phrenic crush pneumoperitoneum, and continuous suction One patient with 
pneumonectomv had a Mound infection with contialateial spiead both of 
m hich eventually cleaied completely anothei had pool Mound healing Mith 
a final good iesult One patient with lobeetmm had postoperatnc henioi- 
rhage mto the pleural space that nas absoibed without active mterfeience 
In one wedge lesectiou, pool healing occurred without infection and Mitli a 
good final result Thus, of the 9 postopeiatne complications the last 7 listed 
cleaied, leaving no disability Late complications occurred in 4 oi o per cent 
of all patients Two patients bad stump ulceis with positue sputa following 
lobectomy Both cleared completely on further antibiotic theiapv One pa¬ 
tient after segmental and another after wedge leseetion had late ipsilateral 
spiead one of which has now cleaied 


Table \ I Resilts in Anilaterai Sitgeta—P m mon \i;\ Resfi t.on 





LOBE( 1 
TOMY 1 
PLUS 

OTHER i 

! 

SEC. 



1 


r\'rr 1 


OTHER 

MCLTI 

MENTAL 

WEIXJE 




j MONT.C 

LOBEC 

FESEC ' 

PLEFE ' 

FESEC 

RESEC 

I LESION 

I TOT VT 



| tom\ 

TIO\ 

SECTION 

TION 

TION 

| FCTOMY ! 


NCMBEF OF CASES 

1 u 

i i<» i 

“ 1 

, 5 1 

7 1 

22 

! 3 

1 70 

Sputum Coiuermon 

13 

is 

s 

5 

6 

21 

3 

74 

Tiiiitrciifoua CompUco 

(03%) 

(05%) 

(SO%) (100%) 

( 80 %) 

(05%) 

(100%) 

(04%) 







turn s 









Postoperatvve 

2 

1 

4 

i 

0 

1 

0 

0 

Late 

(15%) 

0 

(5%) 

o 

(44%) 

0 

(20% 1 
0 

1 

(5%) 

1 

0 

(11%) 

4 

Deaths 


(10%) 



(11%) 

(5%-) 


(5%) 

Postoperative 

1 

0 

1 

0 

0 

0 

0 

2 

Late 

(7%) 

0 0 

(11%) 

1 

0 

0 

0 

0 

(2 5%) 
1 




(11%) 




(1%) 

Linmr (Juiy, 1954) 

13 

10 

7 

5 

7 

99 

3 

76 

Well with sputum 

(03%) (100%) (S%) (100%) 

13 IS 7 S 

(100%) (100%-) 
6 °1 

(100%) 

(06%) 

negative 

Solvable 

(100%) (05%1 (100%1 (100%) 
0 0 0 0 

(S6%) (95%) 
1 0 

(1007c 

0 

(00%) 

Hopele^lv ill 

0 

0 

0 

0 

(14%) 

0 1 

0 

(1%) 

1 

Followup made- 

0 

1 

0 

0 

0 

(5%) 

0 

0 

(1%) 

quote 


(5%) 


(1%) 


Postoperative deaths occurred in 2 patients (2 5 per cent) One which 
followed pneumonectomy was due to eardiorespnatorv failure the other 
after multiple resection was a result of the tuberculous wound infection 
quoted m the postoperative complications pieviouslv Late death occurred 
in patient and is listed under multiple resection. It was due to right-sided 
hear failure aftei a lower lobectomy done as fceatment foi a bronchopleural 
ula arising from a previous multiple resectiou Thus total deaths Lclud 
mg postoperative and late, w ere 3 or 3 S per cent ’ d ~ 
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Summarizing, m 79 patients with unilateral pulmonary resection post 
opeiative complications occunecl m 9, oi 11 pei cent, late complication in 4, 
oi 5 pei cent Nine of these 13 complications denied with no lesidual dis 
ability Death occmied in 3 cases, oi 3 8 pei cent, of -which 2 weie postopera 
tive and 1 late As legaids piesent status, 76 patients (96 pei cent) are hi 
mg, of these 96 pei cent are well with negativ e sputum, 1 pei cent saleable, 
1 pei cent hopelessly ill, and 1 pei cent imtiaced 

Of special intei est is the thoracoplasty failuie group comprising 21 pa 
tients of ivhom 1 died postopeiatively and the remaining 20, oi 95 pei cent, 
are now w ell with negatn e sputum 

Bilateial Suigery —Twentv-fhe patients had bilateral surgery, hut it 
should be pomted out that in 17 of these the suigeiT on one side had been 
done before the fiye-yeai study period The yanons combinations of bilatei al 
suigery aie shown m Table VII It will be noted that the commonest pio 
cedure was thoiaeoplasty It was most frequently combined with plombage 
which w r as extiapleural m 5 patients and extrapenosteal in 7 Bilateral 
thoracoplasty w r as pei formed in 4 patients, and bilateial lesection m 3 The 
incidence of other combinations tras as follows evtiapleuial extiapenostenl 
plombage, 1, thoraeoplasty-extiapleural pneumothoiax, 1, thoiacoplastj ie 
section, 2, thoiaeoplasty-cayemostomy, 2 In 5 patients wuth bilateral sm 
geiy, furthei secondaiy opeiations weie done as follows resection, 2, cavern 
ostomy, 2, revision, 1 


Table VII Bilateral Surgery 1949 to 1953—25 Cases 



BOTH SrBES 

ONE SIDE 1 


FURTHER 



DURING 

BEFORE 


SECONDARY 


TYPE 

1949 TO 1953 

1949 TO 1953 | 

TOTAL 

OPERATIONS 

__ 

Thoracoplasty—thoracoplasty 


4 

4 

CaTernostomT 

1 

Thoracoplasty— 

_ 

5 

5 

- 


extrapleural pack 
Thoracoplasty— 

2 

5 

7 

Revision 

1 

1 

extrapenosteal pack 




Resection 

Extrapleural pack— 

_ 

i 

i 

- 


extrapenosteal pack 
Thoracoplasty— 

1 


i 

Rejection 

1 

extrapleural pneumothorax 
Thoracoplasty—resection 

I 

i 

2 



Thoracoplastv —eayemostomy 

1 

i 

2 

Cnvernostomy 

1 

Bilateral resection 

3 


3 

- 

_ 

TOTALS 

8 

17 

25 

_ _ __ _ 

5 


Besults i a Bilateial Sm geiy —The results vaned with the indications, hut 
theie w'eie relatively inoie salvage eases in the bilateial than the unilateral 
gioup and hence ovei-all results weie not so good Patients in the thoraco 
plasty-plombage gioup had on the whole a good pie operative outlook foi 
success Ten of these 12 patients, oi 83 pei cent, are well wuth negative 
sputum, conversion of sputa was pumarv m all but one, who finally became 
negative after revision of the thoracoplasty The bilateral thoracoplasty 
gioup was composed of essentially salvage cases, considered at the time un 
safe for lesection and found at operation not suitable technically for plomb 
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a„ e Qnlv 1 of these 4 paints (23 per cent) as veil with negative sputum 
m tins case conversion took place onlv after cavernostonn was performed as 
a secondarv procedure Of the other 3 one died postoperativ elv of caidio 
respiratorv failure after w ax pack remoi al and thoraeoplastv Tw o are aln e 
and well but with positive sputa at times Thev are not respirators cripples 
now but probablv would be after secondare resection it thev survived it 
Bilateral resection was performed on 3 patients m 2 cases it was tor 
removal of residual foci following the piolonged use of antibiotics The thud 
was done for persistent positive gastric culture m bilateral minima apica 
disease All three patients are well with negative sputa The one patient 
with extraplenral-extrapenosteal pack is m ell with negatn e sputum 0 t le 
2 patients with thoraeoplastv resection one was a good nsk with residual foci 
and is well with negative sputum The other was a had nsk case vnth chrome 
disease and died ten davs postopemtivelv of air embolism of undetermined 
ongvm The 1 patient with thoraeoplastv -ext laplemnl pneumothorax had 
borderline respiratorv reserve and died postoperativelv of eardiorespiratom 
failure following a secondarv resection on the side vnth the thoraeoplastv 

The 2 patients with the combination of thoraeoplastv-cavernostomv were 
in the salvage class and both required fnrthei secondarv operations One has 
had a contralateral caveinostomv for a residual eantv under the thoraeo¬ 
plastv and is still positive presumablv from a tuberculous bronchiectasis 
The second has reeentlv had pneumoneetomv on the thoraeoplastv side and 
sputum so far is negative 


Table VTIL Results of Bilateral Sctgeey m;5 to 1Q53—25 Cases 


] 

BOTH SIDES 1 

i DURING I 

1 1 Q 4P to 1053 

pnt; side 

i BEFORE 

1 mo to I'm 

| TOTAL 

\ riTBET OF CASES 

1 s 

i 17 

1 23 


Sputum conversion 

0 (7S971 

11 (t>597> 

17 

(6S97) 

rubrn-ulnuc Compbcofions 

Postoperative 

l (ft97) 

0 

1 

(197) 

Late 

0 

0 

0 


Death* 

Postoperative 

t (tfT) 

2 (1397 > 

* 

(12971 

Late 

0 

0 

0 

Linnij (Julu l a; >4) 

s <s«971 

14 (S797) 


(5397) 

Well and sputum negative 

T tSSTrl 

m (71971 

17 

(77971 

Salvable 

f (1297) 

3 (21971 

4 

OS971 

Hopelesslv ill 

0 

1 (S97) 

1 

(5971 

Inadequate follou- up 

0 

0 

0 


Table Till summarizes the results m the 25 patients with bilateral snr- 
eerv In 17 of them (6S per cent) final sputum conversion took place Onlv 
1 patient (4 per cent) had a postoperative complication namelv some transi- 
torv cardiac decompensation following cavernostomv Postoperative deaths 
totalled 3 (12 per cent) Of the 22 bring patients 17 oi 77 per cent are well 
with negative sputum 4 or IS per cent are salvable and one or 5 per cent 
is hopelesslv ill 
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TOTAL SURGICAL RESULTS 

Total iesults of the 219 cases analyzed aie piesented in Table IX Two 
hundred and seien patients, 01 94 pei cent, aie linng, and 12, or 5 5 pei cent, 
aie dead Of the deaths, 10 weie associated with tubeiculosis and 2 died fiom 
othei causes Of those In mg, 176, oi 85 pei cent, aie well with negatne 
sputum, 15, oi 7 2 pei cent, haie positne sputum, oi unstable loentgenograms 
but are consideied sahable, 5, oi 2 4 pei cent, aie hopelessly ill due to actne 
oi piogiessive disease, oi loweied lespnaton lesene, and 11, oi 5 4 per cent, 
lack adequate data foi aceuiate classification The success of any tieatment 
piogiam in the lnoadest sense is based on its lehabilitation mte, in othei 
woids, how many patients aie made safe to associate with otheis and arc re 
turned to gainful occupation Ou this basis the most significant finding m 
the whole senes is that 176 of the 210 patients, oi 80 pei cent, are successful!! 
lehabilitated 


Table IX Total Results—All Surgery—210 Cases 


Ltung (Inly, 1954) 

207 (94 5%) 

V\ ell with sputum negative 

170 (85%) 

Salvnble 

15 (7 2%) 

Hopelessh ill 

5 (2 4%) 

Inadequate follow up 

11 (5 4%) 

Deaths 

12 (5 5%) 

Tuberculous 

10 

Nontubereulous 

0 

Follow up Period 


6 months or more 

190 (100%) 

1 oear or more 

160 (SI 0%) 

2 years or more 

UT (60%) 

3 cears or more 

S3 (42 3%) 

4 cenrs or more 

47 (24%) 

5 ■\enrs or more 

IS (9 1%) 


DISCUSSION 

The subject matter of this papei has been the suigical tieatment of pul 
monary tuberculosis m an isolated sanatonum The self-contained suigical 
unit operating in an isolated aiea has been stiessed because I believe it has 
become unique in these days of lesection surgeiy oi at least surgical senes 
done undei such conditions aie not commonly lepoited Also, the table of 
any suigical senes, othei than adduig numbeis to the all each extensile liteia 
tuie, is to piesent any lanations fiom aveiage, and this applies, not onh to 
matenal, but also to conditions undei which the woik was done The pi oh 
lems of an isolated sanatonum doing its own surgeri hate alieadi been men 
tioned m the nitioductoiy remaiks In discussing the piesent series, the in 
fluence of these pioblems on methods and iesults wall be pointed out wdienerer 
possible 

The fhe-ieai penod January, 1949, to Januan, 1954, brought nodical 
changes in siugeiy at Manitoba Sanatonum As elsewhere antibiotic therapy 
was the chief factor in the swing fiom collapse theiapy to pulmonary resec 
tion The lack of a lesident anesthesiologist for the first Years of the period 
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aftected om work an seieral mays It obliged us to use local anesthesia sup¬ 
plemented bv Pentothal sodium drip foi all chest uall operations u ni 
opinion is the anesthetic of eho.ee f„, collapse the.api ami 
nostoreiative moitahtv iioimd infection and sp.ead ot disease in the present 
unilateral senes can be parth ciedited to this tvpe of anesthesia 

O’Brien and associates- in au excellent piesentation of total statistics 
from five a- ears ot surnerv point out that such statistics i aiv nith the tape o 
mk accepted for suigerv In then work these authors state thev hmo at¬ 
tempted to extend surgical help to eien patient with a leasonable chance to 
get well I agree entirelv with this concept but bold that eien mth agiet- 
ment on tins majoi premise no two senes will turn out alike in composition 
In each case the surgeon's personal pieierenec plus the tools he has at hand 
will shape the nature of his work. Due to limited niailabilitv of liitmtiacheal 
anesthesia m the earlier wears of om studs' leseotion was confined liiamls to 
thoraeoplastv failures Where others were doing meieasing numbers of 
pnrnarv lesection ire weie still doing thoraeoplastv No doubt some of these 
patients should have had pnrnarv resection and the incidence of thoi acoplasts 
failure was undulv high Xeiertheless manv were bad nsk eases thev with¬ 
stood thoraeoplastv under local auesthesia well and later most of them weie 
successfollv rehabilitated bv seeondnrv resection With reduction of disease 
In* prolonged antibiotic therapv and the easier atailabilita of lesection singers 
we now do thoraeoplastv much less often as a preparatory operation hut m 
onr opinion it still constitutes the safest approach to the surgical treatment 
of gross badlv cavitated disease In these eases we still like to reduce the 
pleural space and adiust the patient to the loss of function of this side bv pre- 
limmarv thoraeoplastv before doing lesection 

Om present belief is that there is still a place foi limited suigical collapse 
as a definitive proeeduie but the indications for its use haie been gieatli 
reduced bv the success of hunted lesection Limited collapse is best applied 
bv extiapenosteal plombage and our choice of packing material is paraffin 
rather than Lucite because it presents a moie regular surface for compress¬ 
ing the underlvmg lung In our hands the conversion rate for extrnpenosteal 
pack is defhntelv lower than for limited resection Limited lesection is there- 
foie our choice of operation except where the operative risk is formidable 
espeeiallv m the matter of pulmonarv rescue Poor risks tolerate extia- 
peuosteal pack better than anv other opeiative procedure except cavernos- 
tomr though limited resection mav leai e them with bettei puhnonarv reseri e 
if thev can survive the operation We are therefore still usine extiapenosteal 
pack m a small number of poor nsk cases 

All agree that final judgment on the relative ments of i nnous present- 
dar treatments must await the passage of time It is not onlv a matter of 
choosing between operations hut m some patients with lesidual foci time 
mav proie that antibiotics alone will bring about cure At piesent we prefer 
to icsect residual foci if eonsideied caseous and over 1 cm m diameter A 
Mimll gioup of patieuts not washing snrgerv act as controls for future studv 
ihe best anrument foi resection of residual foci is the over-all relapse rate 
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of tuberculous patients m past years Though this justifies concern, piesent 
clay antibiotic therapy is aheady giving piomise of more permanent erne 
Then too, the ielapse late in i\ ell-tieated minimal lesions was neyer high, eien 
before the use of antibiotics In 1951, I s repoited a series of 103 patients 
tieated foi minimal tubeiculosis confined to the apex of one lung These pn 
tients had leceived treatment predominantly with pneumothoiax between 1928 
and 1944, befoie the use of antibiotics, and showed a 91 pei cent arrest of dis 
ease after 5 to 22 yeais’ follow-up and a death late of under 2 pei cent It is 
perhaps true that prolonged tieatment of anj r type gives good lesults in mini 
mal disease and the most valid icason for lesection in these cases is to reduce 
tieatment time, and to impiove still furthei an aheady favorable outlook 
In new of these indications, limited lesection foi minimal lesions, if justified, 
must haye no mortality and be free of serious or peimanent complications 

So far, we have managed to meet these conditions in minimal cases and 
believe certain factors have been important m avoiding complications All 
patients should haye at least 4 to 6 months’ antibiotic treatment before sur 
gery Positne sputum, when piesent, should pieferably haye been concerted 
We favor wedge lathei than segmental lesection and follow^ the technique 
of putting tongue and giooie forceps about the area to be lesected, excising 
the wedge and then applying a continuous inteilocking backstitch under the 
foi ceps befoie removing them Where the lesion is more deeply placed and 
the application of foi ceps mvohes the usk of compromising the yascular and 
bronchial supplj to othei aieas, a modified segmental lesection is done In 
this case, the bronchus to the involved aiea is fiist dissected out, cut across, 
and repaired The arten and the veins may also be dealt wuth individually 
Upon establishing a line of demaication, forceps me applied about the seg 
ment, which is then excised and the cut surface repaired deep to the forceps, 
as m a wedge lesection In this yvny. no raw r surfaces ore left and all air 
leaks, eien aheolai ones aie avoided In addition, yve routinely separate all 
adhesions of the lung to the chest w all and diaphragm In oui opinion avoid¬ 
ing an leak at operation and fieeing the lung completely from chest wall and 
diaphragm aie piime factors m obtaining lapid and complete ie-expansion 
The lung is expanded as much as possible before the patient leaves the operat 
ing room and during the first postopeiativc day both dramage tubes can al 
most always be lemoved following complete re expansion Rapid re expan 
sion and obliteration of the pleural space is the best safeguard against the 
commonly feated postoperatn e complications of peisistmg an leaks, broncho 
pleural fistulas, and empyema The foregoing technical consideiations aie, 
of couise, not confined to the surgical management of minimal lesions, but 
apph to all insertions As regaids lung le expansion, in the largei resections, 
we seldom find it necessary to do partial thoracoplasty following lobectomv 
oi in the common multiple lesection combination of upper lobe, plus superior 
segment of lowei lobe On the other hand, pneumonectomy should, m our 
opinion, always be combined with thoracoplasty", preferably done before the 
lesection 



P\TsE 


SURGICAL TREATMENT OF I’U.MOWRI TUIKRCt LOSE'!, 


215 


Maximal return of respirator! function following icsection is of gieat 
importance and is faiored In rapid ie-expansion \Ve me non doing maxi¬ 
mal bieathmg tests on all patients opeiated upon befoie dischaigc, but 
was not done m the present senes Howcvci the dcgiee of letmn to nomal 
function uas ei ablated on the basis of roentgenogiaphic appearance, includ¬ 
ing costophremc angle changes, diaphragmatic delation, nh 1 etraction am 
pleural thickenmg Of the T1 living patients, wlieie less than the whole lung 
was lemoied, all have complete ic expansion and onh 3 lequired apical thoin- 
coplastr In 65, or 91 per cent, there was little oi no loentgenographvc en- 
dence of diaphragmatic change, lib letraction, oi pleuial thickening The le- 
mainmg 6 showed vanous degrees of dmphiagmatic change, oi nb retrac¬ 
tion, none showed pleuial thickening Theic arc no lcspiratoiy cripples 
It is commonlv accepted that antibiotic theiapi has not onlj vmpioied 
the outlook m pulmonary tuberculosis, but has also changed the pathology of 
the disease Medlar and his colleagues' describe neciotic encapsulated foci 
after prolonged antibiotic thempy The rapid healing of endobi onchial tu¬ 
berculosis under antibiotic therapy with lesultant nan owing, blockage, and 
epithelization of bronchial outlets results m so called “filled” cauties observed 
bv all m resected lung tissue I haie obsened many such soft, puttvhke encap¬ 
sulated areas in operative specimens, especialh m patients of Indian blood, aftci 
prolonged antibiotic treatment It is difficult to see how collapse w ould im¬ 
prove the healing of these areas, and the logical treatment seems resection 
If collapse is used, possible the optimum time to apple it is not after prolonged 
antibiotic therapy, but at the beginning while bionchial drainage is still ade¬ 
quate and caeities if present, might heal by the pi eantibiotic process of col¬ 
lapse of their evalls followed be obliteration fiom fibrosis Unfortunately, 
permanent collapse by surgical means, if applied earie befoi e much clearing of 
disease, must be more extensive than for lesidual foci and with greater sacri¬ 
fice of respiratory function As regards pneumothorax, its extensie e use w as 
dropped by us, as bv most others, before long-term antibiotic 1 her ape became 
common, so worth-while experience with tins combination is lacking One 
wonders if this reversible procedure induced at the beginnmg of treatment 
and protected bv antibiotics might not offer far better results than formerly, 
and without its previous complications To those of us who made extensive 
use of pneumothorax during its hevday, it is interesting to speculate on its 
further use, but few would abandon present-day resection therapy in its 
favor, and it seems doubtful if it will again find a place in the armamentarium 
of the phthisiologist 

As resection surgery continues to lehabilitate more and more chronically 
ill patients, the appeal foi surgical aid from those remaining becomes more 
urgent Many of these cases are entirely unfit for resection In them w e 
bale found an mcrcasmg use of caiernostomy \Y C employ this procedure 
where vital capacity is too low for resection and source of positive sputum is 
believed limited to specific areas of cavitation. In the present senes, cavernos- 
tomi w as performed 7 times m 5 patients One patient had bilateral cavemos- 
tomv and another had two eavemostomies on the same side Of the 7 opera 
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turns, 3 were done as primary pioceduies, and 4 weie to diam residual cavities 
aftei thoineoplasty Foui of the 5 patients aie now negatiie In all cases, 
the caveinostomy wound healed completely follow mg plastic elosnie, which 
was done on an aveiage of se\en months fiom the onginal opening of the 
canty 

Any appraisal of tiends and lesults of suigeiy must deal with certain 
intangible factois Not least among them is the patient-doctor relationship 
which becomes unusual!} close in an isolated sanatorium Foi the doctoi a 
thoiough knowdedge of the patient, bom of long association, is an imaluable 
aid in estimating suigieal risk and eontiollmg the postopeiative couise Con 
reiseh, the patient develops the confidence and wholehearted acceptance of 
smgery, so important to a satisfactory lesult, by his prolonged contact with 
both surgical staff and othei patients, who, on the whole, have had success 
ful sui geiy 

The doctoi’s pioblem is not so much to peisuade patients to have stir 
geiy, as to dissuade the well-nigh hopeless ones fiom the attitude that m sm 
geiy the}' hare nothing to lose and peihaps something to gam It is diffi 
cult to lefuse suigeiy to such patients and moie often than not suigieal aid 
is offeied them soonei or later The greatest lisk, of couise, is the patient 
wuth chiomc, bilateial disease, and low vital capacity who is lesistant to all 
antibiotics Technically, the surgeon is often on the hoi ns of a dilemma, do 
mg less than a lobectomy m the interests of conseivmg lung tissue may mean 
dissecting through diseased areas theiebj courting the development of 
empyema and tubeiculous wound infection On the other hand, removal of 
the whole lobe in an attempt to ai oid these complications may lead to cai dio- 
lespnatoiy failiue It is oui experience, as elsewheie, that senous postopera 
tue complications and suigieal deaths come most often fiom this type of pa 
tient rathei than from mishaps m favoiable nsk cases In the piesent senes, 
they were most common in cases of multiple lesection Fortunately, a pre 
carious surgical lentiue is not mfiequently cioimed with success In patients 
where all othei measures have failed, we helieie suigery should not he denied 
if it holds any hope of success 

We can piobably look foiwaid to the time when the backlog of bad nsk 
cases has largely disappeared In the meantime, these patients continue to 
challenge the mgemuti of the suigeon, sometimes spoiling his surgical sta 
tistics hut alw ays stimulating his work by the occasional salvage of those 
cases previously considered to be hopeless 

SUMMARY 

Results aie piesented of surgical tieatment of pulmonary tubeiculosis at 
Manitoba Sanatonnm m the fiie-yeai penod, Januaiv, 1949, to Januaii, 1964 

Statistics aie gnen in detail and include patients piesentmg a variety of 
indications fiom puie sals age to lesection for lesidual foci in minimal disease 

Altogethei 219 patients received major suigieal treatment of paienchynud 
disease and of these 80 per cent were successfully i ehabilitateil 
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The effect on tieatment tieuds and icsults of doing sin gen m a self-con¬ 
tained snigical unit in an isolated aiea aie discussed in detail 

Some obseiTations on cunent tieatment based on experience with the 
piesent senes are submitted 
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ANEURYSM FORMATION IN A HOMOLOGOUS AORTIC GRAFT IN A 

HUMAN 0 

Report op a Case 

Owen Gwathmei, M D , and Charles Waters Thompson, M D 
Washington, D C 

T TOMOLOGOUS aoitic giafts have been used m the human since 1946 1 to 
A replace segments of the aorta foi \aiious pathologic conditions To oiu 
knowledge, there has lieen no report of the de\ elopment of an aneurysm in a 
homologous aortic giaft m man Gnndley, 2 Sewell, 3 Parsons, Gerbode, and 
Cox, 1 Johnson and Kilby 5 and others have repoited foimation of aneurysms m 
replaced autogenous and homologous aortic and yenous giafts m the experi 
mental animal Gnndley 2 described the occuiience of an aneurysm m an 
aoitic homogiaft implanted in a dog for two yeais Sewell 3 stated that aoitic 
homografts sterilized with ethjdene ovide fiequently pioduce aneurysmal 
dilatation and ruptiue and believed this was due to destruction of the elastic 
tissue from the ethylene oxide tieatment 

Coleman, Deterling and Parsliley, 0 Kanai and associates," MeCnne and 
Blades, 8 Sewell, 3 Hufnagel, 0 Hufnagel and Eastcott, 10 Shumackei and King,” 
Gloss, 1 Swan, 12 DeBakey and associates 13 and otheis have descubed the fate 
of homologous grafts of the aorta Theie is usually a marked thinning of the 
giaft wall, loss of cellular elements, disruption of the elastic frameuorlc, and 
mild to maiked calcific deposits Aitenal homografts do not show peisistence 
of their cellular elements, but seive as the scaffolding foi the ingioirth of 
connective tissue fiom the host to provide a conduit foi arterial blood The 
endothelium coveimg the intimal surface is thought to be denved fiom the 
fibioblasts and possibly endothelium of the adjacent host aorta The blood 
is supplied fiom the suirounding tissues 

CASE REPORT 

A 60 j ear old white woman was admitted to the George Washington pnnersitj Hos 
pital on Jan II, 1954, complaining of upper abdominal and flank pam on the left, of one 
\ ear’s duration This pain was dull in nature but made worse by exertion It persisted 
and became much more severe five weeks before admission, requiring opiates for relief At 
that time, she observed swelling and tenderness along the left costal margin The patient 
gave a history of indigestion of two years’ duration, reheied by sodium bicarbonate A 
17 pound weight loss was noted during this time She had had a hysterectomy twelve years 
previously and a known hypertension, with systolic pressures of 220 mm of mercuri, for 
i cars She was referred to us because of accentuation of her svmptoms and ovidenco of 
a pulsating mass m tho abdomen 

From the Departments of Surgorj and Medicine The George IVashlngton Unliersltl 
School of Medicine "Washington D C 

Rccel\ed for publication Jan 2S 1955 

•This Iniestlgatlon was supported in part b> a research grant CH-112) from the National 
Institutes of Health Public Health Sen Ice 
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On physical examination, the patient was a well developed and fauh well nourished 
GO i ear old woman, who appeared chronically ill but in no distress Her pulse rvas Si, 
blood pressure 170,110 ram. of meruirv and temperature S.° C There was Grade H 
« pasm of the artenoles on examination of the fundi The heart tins not enlarged and no 
murmurs were heard. A well healed lower midline abdominal siar was noted Deep palpa 
non of the abdomen elicited pain in the left upper quadrant, left mid abdomen, and lef 
flank. There was no paresthesia bnt hvperesthe-ia was noted over the area of tenderne„ 

A pabating elongated mass, about 4 cm m width, was felt in the region of the aorta, which 
could he followed from the sacrum to beneath the xiphoid 

The laboratory reported hemoglobin 1H Gm. per 100 cc, hematocrit 47 per cent, 
leukoevte count 10 Q 00 with 64 per cent seqmented neutrophils 32 per cent lvmphocite- 
and 4 per cent monocvtes The ervthrocvte sedimentation rate (M introbe) was 1G mm 
after one hour The Kahn and cardiolipm (YIXR.L) tests for svphtlts were negative 
The unne was vellow with a speufic gravity of 1 020 and an acid reaction with no albumin 
or sugar There were 1 to 3 leukocytes per high power field Serum nonprotein nitrogen 
was 25 mg per cent and the van den Bergh test was negative 

There was questionable left ventricular hvpertropbi on the electrocardiogram 
Koentgenographic studies of the chest proved the heart shadows normal, the lung 
fields clear, and an aneurvsmal dilatation of the descending thoracic arota To a leypr 
degree, there was dilatation of the abdominal aorta There was considerable calcification 
of the ascending arch and abdominal aorta, but the dilated portion of the descending noTtn 
was not outlined with calcium The vertebrae were not eroded On angiocardiograms 
made bv Doctor A D Kistin, a fusiform dilatation of the descending thoracic aorta was 
seen, with a thick wall extending from the sixth thoracic vertebra to the diaphragm 
(Fig 11 The abdominal aorta appeared tortuous and somewhat wider than normal with 
no localized aneurvsmal formation. 


On Jan. 20, 1054, under Pentothal sodium and ether anesthesia induction, tracheal 
intubation was earned out The anesthesia was maintained with nitrons oxide, oxvgen, 
and ether A thoracodorsal incision was made and the eighth rib remoted subpeno-teallv 
The pleural cavitv was opened and the lung collapsed. The aorta was tortuous nnd enlarged 
in its course from just below the •uvh to the diaphragm Approxiruatelv 7 cm below the sub 
clanan artcrv the aorta ballooned and for a length of 5 cm was twice the size of the normal 
appearing vessel. From this point it increased to about three times the normal size for 10 
cm. whe-e it abruptlv narrowed and made an acute angle with the distal aorta In the 
wall of the aorta numerous calcified plaques were palpable There were several 0 5 to 1 
cm. dimples m the wall which appeared thinner and pulsated vigorouslv 

The mediastinal pleura was incised. The aorta was mobilized from the diaphmgtn to 
approximated 5 cm below the arch, with individual ligation of all intercostal and 
esophageal vessels At this point, the tortuositv was much more evident and the ballooning of 
the small dimples was more pronounced. 


Because of the preoperatire suspicion of an abdominal menrvsm, the diaphragm 
opened On palpation, the abdominal aorta was sbghtlr tortuous and dilated but without 
evidence of aneurism formation. The diaphragm was closed with interrupted silk sutures 
The sixth and seventh nls were cut posterior to their angles for wider exposure A freeze- 
dried aortic graft untreated with ethvlene oxide, obtained from The "Walter Beed Arrow 
Medica 1 Center, was reconstituted. All its small branches were doublv ligated with 4-4) silk 
bv another team A Potts’ clamp was applied proximallv and distallr to the -menrvsm and the 
aneurvvm excised It measured 17 cm. m length The proximal aorta contained several 
vc no wish plaques m its ultima which were dissected free The graft was anastomosed to the 
aorta using two lateral star sutures of 4-0 silk, and also, running posterior and anterior 

prior to o Same . matenal - 11116 aorta clamped for fortv minutes The blood pressure 
nM L ‘ C . w ; Ju5l0n ' TaE 160/100 After occlusion it rose promptlv to 240,/100 A 
phlebotomv of ,o0 cc was performed and Pendmmide (22 mg ) las"admired for ifs 
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hypotensive effect The blood pressure fell to 120/80 For four minutes after the clamps 
were released, there was no blood pressure obtainable The blood withdrawn bv phlebotomv 
was rapidly remfused and within fifteen minutes the blood pressure was 100/G0 
The graft assumed an inverted U position which made its distal end kink just abo\e 
the line of anastomosis Because of the kink, it was necessan to resect a portion of the 
graft Once again the distal and proximal host norta was cross clamped and a 4 cm seg 
ment of aortic graft, directly m the center of the graft, was remoied The graft was 
reanastomosed The time of the second occlusion was twenty minutes 

1 



a*- 


% 



Fig 1—Original aneurism as seen on an angiocardiogram 


The graft lay niceh in the bed with no tortuosity or kink, and hemostasis v ns 
easily controlled with several interrupted silk sutures 

The blood pressure rose to 1G0/90 following the second cross clamping of the aorta 
and fell to 90/0 after the clamps were released It soon rose to 120/SO and remained at 
that level throughout the completion of the operation 
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It was impossible to close the mediastinal pleura The thoracotomv incision was 

closed leading an intercostal catheter for water seal drainage 

The patient tolerated the procedure well and uns returned to her room m good 

condition with palpable dorsalis pedis pulsations 

Gros=h- the host specimen consisted of a segment of aorta measuring 
length and averaging 1 cm m width At one end there was a 1 to 2 cm saccular niteuTis 
mat dilatation The mtitna was markedlv thickened and contained vcllouish white atheromas 


with areas of calcification 

A second specimen consisted of an S mm segment of aorta measuring 1 S cm in 
diameter, labeled “Segment of homologous aorta ” 

On microscopic examination of the host aorta, there was profound intimnl thickening 
and proliferation with mam cholesterol clefts and mononuclear macrophages containing 
hemosiderin Focal areas of basophilic stippling marked the sites of calcification The 
media was thinned beneath the atheromatous plaques but showed no ondence of mucoid 
degeneration The adventitia was the site of recent hemorrhage (operative), but other 
wise showed no abnormalities The \ aso. v asorn and v ena vasora were normal in appear 


ance 

Mieroscopicallv, the mtima of the segment of homologous graft was not thickened 
The media was normal m appearance There were no breaks in tbe elnstica and no 
‘palisading” of nuclei was seen Ver\ little adientitia was seen in the portion of trnns 
plant submitted for studv (Fig 2, A) 

Inuuediatelv after returning to the ward, the patient's blood pressure rose to 1G0/110 
Six hours later it fell to 90/70 and remained so for six hours It then rose to 200/110 and 
varied in. this region throughout the hospital star 

In the first twenti four hours the unnarv output was 300 c c and the nonprotem 
nitrogen was 17 mg per cent The second postoperative da\ the union output was 1,100 
c c and the nonprotem nitrogen was 13 mg per cent The third postoperative dnv 
diuresis to 2,200 c c occurred and the nonprotem nitrogen was 62 mg per cent On the 
fourth postoperative dav the nonprotem nitrogen was 35 mg per cent, serum potassium 
1 S mg per liter, serum «odium 151 meq per liter The patient continued to improve and 
was discharged on tie twelfth postoperatne dav, her oulv complaint being some vague 
left upper abdominal pum The blood pressure was 1S0/120 and the peripheral pulsations 
of all vessels were satisfacton 


Comment -—The aorta was clamped for a period of fortv minutes for the original 
anastomosis and again for twenti minutes m order to remove a segment of the graft be 
cause of Linking and partial obstruction of the blood flow This possiblv accounts for the 
transient oliguria and retention of the nitrogenous products Studies for hepatic damage 
and blood mcompatibilitv were negative 


Hepatic and renal injuries are not noted m resections of coarctations with primars 
anastomosis or replacement bv a homograft because of the tremendous collateral circula 
tion u On the contras m aneurrsmal disease there mav be senous complications because 
of the lack of the deielopment of adequate collateral circulation and because of thrombosis 
of the intercostal vessels found m arteriosclerotic diseases with aneurisms is DeBakev 
Coolev, and Creechm stnted that the closer the aorta is cross clamped to the arch the 
more likebhood of spinal cord injure This would seem true, also, for the liver and kidnev s 
if the aorta is clamped above their blood suppli If, hoc ever, the occlusion is below tbe 
renal \es*el, there is usnalh no damage to vital organs 

Toleration of occlusion of the aorta appears to varv greatlv m different individuals 
Lam and Aarom cross clamped the aorta for twentr five minutes and again for fifteen 
minutes and noted a transient cord damage m a resection of an aneurvsm of the thoracic 

GnLiH 1 occluded the thoracic aorta for forti file minutes and Brock and 
Orahamis for eightv minutes with no cord or renal damage Beattre and co workers ^ 
Urn and Aaron*- have also demonstrated that the time required to produce cotd d r 
hi aortic occlusion ,n the experimental annual is quite variable ' * ^ 
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Second Admtwon —On Mav 20, 1954, the patient was readmitted to the George hashing 
ton Umversitv Hospital with a lourveek historv of intermittent nsh of the lower extremities, 
malaise, anorexia, chills, sweats, and fever There was arthralgia of a nngraton nature and 
redness and heat m the affected joints Two weeks prior to this admission she was hospital 
med in her home town for six dnvs There a leukocvtosis of 25,000 was noted, nliicli rose and 
fell with intermittent fever She had a recurrence of pain in the left flank and chest, 
reminiscent of the pain pnor to removal of the aneurvsm in Jonuarv 1^54 On phvsienl 
examination, the blood pressure was 1S0/105 in the nght arm, puhe 100, respirations 18, and 
rectal temperature 39° C She appeared chromcallv ill and there was evidenco of weight loss 
Hepatosplenomegalv was noted. All pulses in the feet were present bilaterally There were 
no nodes palpable The heart sounds were normal. The radiologist reported “questionable 
bulge m the region of the operative site ” 

The white blood count varied from S,000 to 10,200, mth a normal differential except 
for elevated eosinophils from S to 10 The hemoglobin was 11 S Gm and the enthroette 
sedimentation rate was 27 mm (^Vmtrobe) after one hour The urine remained negatn e 
end concentrated to 1 014 A bromsulfalem liver function test of 25 per cent retention wn^ 
reported and substantiated Serum bilirubin was 0 mg per cent direct nnd 0 3 mg per 
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-Section of the graft aneurism showing absorption of ths 
plaque formation and suture granulomas In middle 


media and atheromatous 
of section- 


cent The total serum protein was 6 4S Gm per cent with albumin 3 65 Gm per 

cent and globulin 2 S3 Gm. per cent The thvmol turbiditv was 5 units and n cephalm 
flocculation was reported as 1 plus in 24 hours The Kunhel globulin was 11 units The 
sternal marrow biopsv was “compatible with infection but otherwise normal.’’ Culture of 

Prote“sTJa FT' 1 "? CUUUrCS ’ a “ d a femoral arten - CDlt ™ remained stenic 

oteus and Etcher,chta coh were recovered from a nrme culture Multiple ogelutmnhons 

zsTuZ *"* - - 3 - — 

orfenal cultures, thet^oL* T, Sdlrtente'rMhe'^ffsite^e^ed tenable ' en0usani ^ 

She ’‘“"'"S'* “■> ™ >° «Wn» I. tale 
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The diagnoses at discharge on June 5, 1954, wero endarteritis at graft site, hepatitis, 
and hypertension The cause of the hepatitis remained obscure 

Comment —In retrospect, the aneurism in the graft was present at this admission, 
exidenced br a return of her preoperatne pain and the x raw appearance of the chest 

Lower extremity peteclnae, migrators arthralgia, chills, sweats, malaise, and anorexia 
promptlx subsided with the institution of penicillin therapy, making a diagnosis of 
endarteritis at the graft site reasonable, in spite of negative cultures 



Fig 3—Anterior oblique film shoving the kink and aneurism In the graft one jear after 
transplant as seen on an angiocardiogram 

The etiologv of the hepatitis remains obscure Hepatic damage could have occurred 
from aortic occlusion at the time of surgeTy, from blood transfusions, or as a response 
to t he endarteritis 

Interval History —Durmg the summer of 1954, she gained strength and vigor, but noted 
intermittent pain m the left flank and chest, particularly when her blood pressure rose Livrr 
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function, tests returned to normal, but there was evidence of a considerable difference in the 
blood pressure in either arm, the right being higher than the left Serpasil m large doses did 
not affect the hypertension She was taught to take her blood pressure at home in prepnrn 
tion for administration of ganglionic blocking agents 

Because of the great discrepancy m the blood pressure in the two arms, and because 
of a steady rise in her hypertension, she ivas hospitalized again in early Decembor, 1954, with 
the suspicion of another aneurysm in the arch The intermittent pam had become constant. 

Under the fluoroscope, a pulsating mass was seen in the graft site, bnt no other 
aneurysm was noted Sodium Amytal sedation lowered the 240/130 pressure m the right 
arm to 130/80 Benal and hepatic function were excellent at that time The patient was 
discharged before starting ganglionic block with drugs because she desired to attend to 
some personal affairs However, an acute exacerbation of her symptoms required re 
admission to the hospital in a fev? days 

Final Admtssxon —On this admission, the patient appeared qrnto apprehensive and in 
acuto distress She was unable to lie on her left side The pulse was 82 and regular Blood 
pressure in the right arm was 225/110 and 160/100 m the left arm In the right leg, the 
pressure was 180 systolic, the diastolic pressure was not obtained. There was no change 
in the eiegrounds Moist rfiles were heard postenorh in both lower lung fields and acute 
tenderness was elicited m the left midquadrant of the abdomen and left flank The 
widened abdominal aorta was again palpated with strong pulsations The pulsations of 
the vessels of the lower extremities were decreased but present 

The laboratory findings were hemoglobin 14 8 Gm, hematocrit 50 per cent, and 
leukocytes 8,250 with 61 segmented neutrophils and 34 monocytes The blood urea mtro 
gen was 19 mg per cent. The unne was yellow and acid in reaction with a specific gravity 
of 1 011 Other unne studies were negatn e 

On roentgenographic, fluoroscopic, and angiocardiographic studies, sharp angulation 
at the lower part of the descending thoracic aorta was noted, with n prominent rounded 
bulgo at this site (Fig 3) 

On Jan. 3, 1955, a right thoracoabdominal incision was made through the old scar 
The lung was closely adherent to the bulging graft The aorta was freed proximally and 
distally and encircled with umbilical tapes The lung was dissected from the graft A 
considerable amount of oozing was encountered. The graft had again formed an S shaped 
tube with the aorta and a localized oneurj smal dilatation was noted at the anastomotic 
site, which was 4 cm in width and pulsated against the eighth, ninth, and tenth nbs (Fig 
4) It is important to record that the original aoTtic graft was not treated with ethylene 
oxide 


The entire graft and aneurysm were freed from the surrounding tissues from the 
celiac axis to 2 cm below the subclavian artery Intrathoracic hypothermia™ was 
established allowing the temperature to fall to 31' C to aid m preventing damage to the 
vital structures The fifth nb was resected and the pleura divided for more adequate 
exposure 


The length of graft required was measured and a Vmyon N tube* the size of the 
aorta was cut to that measurement, allowing an overlap of 2 cm. to be folded upon itself 
at each end The aorta was occluded proximally and distally The graft and adjacent 
aorta, 2 cm on each end, were excised The Vmyon N graft was then anastomosed using 
two lateral staA sutures of 4 0 silk, and running posterior and anterior sutures of the same 
material The clamps were released with slight bleeding from a needle hole at the distal 

“mmutr 513 ’ PTQmPtly Cea3ed (Flg 5> The a0Tta 01083 clam P e3 for thlrt F 


The blood pressure at the beginnmg of the operation was 160/100 and 110/80 prior 
to occlusion of the aorta It promptly rose to 220/100 and remained stable untif th* 
clamps^were released, at which tune it fell to 110/60 and did not deviate throughout tte 



Fig 4—Graft In the thoracic aorta with kink anil aneurism formation 
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S'« ™ »„M atherosclerosis .1 the patient's otm .or., «™te~rt be S’™'"j" « 
SSborr plaques, „, hr, pom.- tbeh plnqites eetended on lb. p.«™H portion nl the 
graft for a Stance of 0 5 cm. Thev could be peeled off the underlying graft which w - 
htiU smooth and gravish white There were two small yellowish plaques in t e g 
proper and the«e were found at the middle suture line at the stoma of the aueurvsroal sac 
The larger of the two measured 0 1 cm 

At the distal suture line, which was 2 cm from the loner end of the specimen, an 
abrupt change from the smooth graft surface to the patient s own sclerotic aorta was 
atraiti noted. The degree of sclerosis here was equivalent to that found at the proximo 
end Rev eral plaques extended on the distal ead of the graft and these again could easily 
be peeled off The mtimal surface of the aneurism was somewhat more wrinkled and 
thicker than the rest of the graft 


■^een in microscopic sections from the proximal end of the pntient’s own aorta was 
marked athero'Clero-is evidenced bv mtimal thickening and scleiosis There was inflltrn 
non bv fibroblasts There were plaques under which the media was thinned, but intact 
Smure granulomas were seen with a foreign bod' tuberculoid reaction Obliterative 
endarteritis and focal perivascular accumulations of lvmphocvtes and mononuclear macro 
phages were al«o noted. The line of demarcation between the graft and the patient s own 
aorta was striking (Tig 2, 2?) There was no thickening of the mtimn of the graft The 
continuation of the mtimal plaque from the patient’s vessel to the surface of the graft was 
easily seen (Fig 2 C) The media of the graft was relatively acellular except in one area 
close to the proximal suture line where a flame-shaped scaT extended inward from the 
adventitia (Figs 2, B, and C ) Bevond this area, the media was almost devoid of nuclei 
^Fig 2, O) The adventitia was widened markedly sclerotic, and there was recent hemor 
rhage (operative) in the penadventihal fibro fattv tissue 
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The onl\ areas of mtimal plaque formation in the graft proper, together with focal 
areas of almost complete absorption of the media, were seen in sections from the middle 
suture line and aneurvsm stoma (Fig 2, E) In these areas, the thickened mtima was 
almost in opposition to a widened sclerotic sdventitia The mtimal plaques in this area were 
frequently but not tdwnvs related to suture The greatest degree of mtimal thickening wns 
noted at the outpouching of the sae. 
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Tlie distal anastomosis was similar to the proximal suture line and the marked 
atherosclerosis of the patient's own aorta was noted again 

Most of the graft segment showed almost no visible nuclei in the media, with two 
exceptions—one close to the area of the proximal anastomosis where the flame shaped scar 
was noted and the other in the vicinitj of the middle suture line This loss of nuclei was 
most strikingly seen by comparing the section of the transplant taken just prior to the 
initial placement of the graft with the resected specimen from the second procedure 
(Figs 2, A and D) 

Soon after the operation the patient developed a sinus tnchj cardia to 140 beats per 
minute, and the blood pressure rose to 156/90 She was awake and oriented The electro 
cardiogram confirmed the sinus tachj cardia and was otherwise normal It remained so 
throughout her hospital stay At the end of the first twentj four hours, the unnnry out 
put was 350 cc This urine concentrated to 1014 and there were mnnj red cells, hyaline 
and granular casts seen m the noneentnfuged specimen (Table I) The second postopera 
tive day the patient voided only 75 c c m sixteen hours Fluids were limited to a total 
of 1 L, which consisted of 750 c c of a mixture of phj Biological sodium chloride and % 
molar lactate to provide an excess of sodium The hematocrit had fallen and 250 c c. of 
whole blood followed this mixture intravenoush Diuresis began on the third postopera 
ti\e daj and liquids by mouth were started Following that, the patient was gnen 
electrolytic solutions and blood as indicated by the daily laboratory findings (Table I) 
Oral feedings were given as tolerated, in spite of which she continued to have a mild 
acidosis and mild lij-pochloremia Tlus was treated with potassium chloride orally 

Nausea and some vomiting were a problem during the postoperative course and were 
attributed to a known intolerance to narcotics which averaged only 2 to 3 hypodermics 
per dav 

At the time of discharge the patient was free of pain and complained onlj of soreness 
from the incision 


COMMENT 

There weie several factois contributing to the aneuiysm foimation m the 
graft Theie piobably was a persistent kink m the giaft uniecogmzed at the 
time of the first pioceduie, although it was belieted that defect had been 
corrected Hypertension increased the foice of the jet which bombarded tho 
graft already weakened by the endarteritis noted on her second hospital 
admission 

It is mterestnig that the calcific deposits weie found only at the annsto 
motic sites, the graft being singularly fiee of atheioma oi calcium deposits 
except at suture lines 

McCune and Blades 8 have demonstiated aneuijsm foimation m giafts of 
dogs’ aortas wheie kinking occuned Infection has long been an etiological 
factor in aneurysms 

CONCLUSION 

The recognition and removal of an aneurysm which occurred m a homol 
ogous aortic graft aic reported Possible factors in the occurrence of the 
aneurysm are noted 
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ALVEOLAR-CELL CARCINOMA OF THE LUNG 
(PULMONARY ADENOMATOSIS) 

A Stud\ op 155 Cases, 10 Reported for the First Timf 

H R\ erson Decker, MD 
Pittsburgh, Pa 

A lveolar-cell carcinoma of the lung or pulmonary adenomatosis is 
a primary malignant tumor which is increasingly recognized and reported 
as time goes on There has been some confusion m nomenclature, some differ 
ence of opinion as to cell origin, considerable difficulty in reaching a diagnosis 
ante mortem, and substantial failure to tieat the patient with the affliction sue 
cessfully While some observers have come to believe tliat alveolar cell ear 
emoma is a late stage of pulmonarj' adenomatosis when metastases may have 
developed, it is certain that they are the same tumoi Alveolai cell carcinoma 
is the preferable designation The nomenclature applied to this disease variously 
has been papillary gelatinous adenocaieinoma, pi unary alveolar-cell tumor, pul 
monary adenomatosis, muco cell papillary adenocarcinoma, diffuse epithehal 
hyperplasia, diffuse primary alveolar epithelial carcinoma, malignant adenoma, 
cvstic papillary lung tumoi, muco epithelial hvpeiplasia, caicmomatoides nlveo 
logenie multicentric 

The earliest records of the tumor are by Malassez in 1876 and Musser in 
1903 Since then desultory reports have been published, which have become 
more numerous in the last fifteen years Even so, I have been able to find only 
145 proved case reports to which are now added 10 that have come under mV 
personal care or observation It is very likely that many cases have escaped 
recognition because of the difficulty of diagnosis Clagett found 7 cases m 275 
lung resections Ikeda found 8 m 206 proved cases of caicmonia of the lung 
Adler reported 20 in 374 primary malignant growths of the lung Paul be 
licves that 20 per cent of all pulmonary malignancies are composed of alveolar 
carcinomas 

The etiology of the tumor is not established Undoubtedlj it develops as 
a response to a single or many factors, and to certain nonspecific mutants as is 
true of cancel in geneial The most intriguing idea is that of causation bv a 
varus or by peculiar ultramicroscopic bacteria, because of its morphological ic 
semblance to epidemic zaagsiekte of sheep Tlus disease w r as the subject of a 
thorough study and report made bv the African Expedition of the Rockefeller 
Institute for Medical Research Tliej found that the zaagsiekte (sometimes 
spelled jagziekte) is a specific catairhal pneumonia m sheep peculiai to South 
Africa Initial symptoms are noticeable when sheep are driven for long dis 
tances, hence the designation “drive sickness ” The pneumonia begins with 
engorgement of tbe capillaries It is followed by accumulation of macrophages 
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and lvmphocvtes with manr mucous plugs passing into the aheolar lununa 
There is definite thickening several millimeters in diameter m localized areas 
of interalveolar tissue Then epithelial papillarv proliferation deielops in the 
alveolu It seldom gives nse to metastasis even to adjacent lvmph glands, prob- 
ablv because death occurs before metastases have a chance to develop Pnmarv 
mfiltration of interalveolar tissue contmues and mav lead to fibrosis and con¬ 
solidation or leukoevtes mav accumulate in large numbers, penetrate into the 
alveoh and form areas of acute pneumonia There are manv stages of reaction 
m one and the same lung The prevailing view that the zaagsiekte is due to a 
specific virus and is direetlv contagious is in all likelihood correct in spite of 
the failure to transplant the disease bi direct inoculation or bv inhalation of 
diseased tissue Thus, while zaagsiekte mav be due to a single and specific virus 
the pathological complex on the whole is such as might be caused bv a vanetv oi 
predisposing and exciting factors over a considerable period of time Perhaps 
in the natnrallv occurring disease interalveolar thickening is such a factor In 
the search for microorganisms, no nematodes nor parasites (for example malarial 
organisms) were found Several kinds of baetena were present but neier in 
prohierating epithelium as is true of most hvperplasias and tumors The ade¬ 
nomatous condition present is merelv a kind of epiphenomenon Verv likelv the 
pulmonarv alveolar epithelium of sheep is peculiarlv unstable, and is unusuallv 
susceptible to growth stimuli or to influences tending to mvabdate normal in- 
hibitorv mechanisms Epithelial proliferatora, though supplementarv, contrib¬ 
utes to the death of the animal bv diminution of respiratorv area, and a lessen¬ 
ing of their vitalitv, thus rendering the sheep more susceptible to bacterial action 

In the human being bvperplasia and metaplasia in the pulmonarv al\ cob 
can be produced In various stimuh Thev are observed m 

1 Bacterial and viral (a) pneumonitis (b) empvema, (c) pleunsv in¬ 
cluding old pleuritic adhesions (d) chrome granuloma for example, svphilis 
and tuberculosis and (e) lung abscess and gangrene 

2 Nonbactenal pneumonitis (a) bpoid, (b) chemical and (c) aspiration 

3 Vascular disturbance which produces chronic anoxia as m an old mitral 
and aortic valvular disease which develops chrome passive congestion, infarcts 
atelectasis, and fibrosis 


4. Irritation from (a) hvdrocarbons, (b) war gases, especiallv phosgenes 
(cl siheosis, and (d) tobacco smoke 

5 Phvsical agents (a) x-rav and (b) radium. 


In a review of cancer of the lung occurring m radium ore miners of Jackv- 
mov in a twmvear period made bv Pirchan and Sikh and m a similar re¬ 
new oi the miners at Schneeborg m Saxonv made bv SchmorL no alveolar-cell 
carcinoma was found m 9 miners who died of cancer of the lung Anthraeosis 
and pneumoconiosis apparcntlv were not factors 


Biologic Studies in Primary Adenomatosis -Attempts to culture a virus 
vesitat^r * beeD fnUt5eSS m thC expenence of * ™mber of in- 
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1 Dr Jonas Salk conducted a number of virus studies with sputum from 
one of my patients with proved alveolar-cell carcinoma, using monkeys and 
guinea pigs in his laboratory at the University of Pittsburgh He failed to find 
any evidence of a virus at work 

2 Clagett ground up tumor and injected the emulsion into sheep, rhesus 
monkeys, into 2 dogs, and the mternal chamber of the eyes of 5 guinea pigs 
There was no growth in four months He did not rule out the possibility of 
a virus at work. 

3 Dungal reported one ease of experimental transmission by extrapul 
monary injection of tissue suspension 

4 Grumbach produced diffuse epitlielization m the lung after injection of 
the gall bladder with diptheroid bacilli obtained from a lymph gland of a pa 
tient with Hodgkin’s disease 

5 Grady and Steward, by subcutaneous injection of 1, 2, 5, 6—dibenzan 
thracene m mice, produced malignant tumors of alveolar ongm not asso 
ciated with inflammatory reaction These tumors were little different from those 
appearing in human beings, and were multieentric with predilection for peiipheral 
zones of the lung Cells were observed scattered in small foci close to the pleura 
preceding the development of tumor nodules, and also closely adjacent to penph 
eial zones for expanding tumors, and were indistinguishable from alveolar pha 
gocytes In the early stages, there was no active proliferation of these cells, 
only progressive swelling and enlargement In the later stages, mitotic division 
occurred m cells adjacent to the tumor, and m the tumor cells themselves In 
the latest stages, there was complete investment of alveolar walls by a layer of 
cuboidal cells which morphologically appeared epithelial They concluded, 
therefore, that alveolar lining cells, whatever their embryological origin, might 
be capable of differentiating mto cells indistinguishable from an alveolar phago 
cyte, and later into an alveolar tumor cell 

6 Norris injected fluid aspirated from a patient with lobar pneumonia mto 
a guinea pig One lung developed a zaagsiekte-like lesion 

7 Sims inoculated animals with a 10 per cent suspension of tumor tissue 
mass, 1 monkey, 6 c c mtranasally, 2 rabbits, 3 c e intrapulmomcally, 1 guinea 
pig, intrapulmomcally, 2 guinea pigs by 25 c c of atomized spray for a six-hour 
period m a closed chamber In none of these animals was there evidence of 
tumor transmission 

Pathology —Alveolar cell carcinoma does not resemble any other growth 
It appears grossly m two forms (1) nodular, multiple growths distributed 
throughout one or both lungs, and (2) a diffuse form suggestive of coalescence 
of the nodules Both forms may occur at the same time The nodules are 
miliary to marble size, j ellowish-gray, whitish or pink m color, globular, firm, 
and with fairly sharp borders The diffuse form resembles a pneumonia in a 
stage of gray hepatization involving a lobe or even an entire lung Even so, 
the appearance suggests an enlargement from multiple foci Intervening tissue 
may exhibit varying digrees of inflammation and necrosis There may be uni¬ 
lateral or bilateral pleuntis with fibrinous or serous exudate and adhesions of 
varying density Cavities and bronchiectasis are rare There is no involve- 
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ment of bronchi or bronchioles with tnmor The lungs are increased in weight 
In general, the changes in the lungs were more extensile than physical signs 
or x-ray appearance indicated. 

Metastases are not a prominent or early feature They occurred m about 
45 per cent of the cases, in 53 of 117 autopsies Apparently, the incidence and 
extent of metastases are proportionate to the duration of the disease, being less 
in acute cases of short duration Metastases extend bv the lvmphatics or blood 
stream in order of frequency into tracheobronchial (hilar) lymph nodes, the 
pleura, distant lymph nodes, pericardium, liver, kidnevs, adrenals, brain, and 
skeletal svstem In Table I are recoided findings in 117 autopsies 


Table I Findings in 117 Autofsies 


One lung involved 

30 

One lobe involved 

11 

Both lungs involved 

S7 

Pleural fluid 

13 

Metastases —53 cases 

Lymph nodes 

Hilar (tracheobronchial) 

38 

27 

Mediastinal 

11 

Cervical 

11 

Betropentoneal 

3 

Pancreatic 

1 

Thoracic 

15 

Pleura 

9 

Pericardium 


Heart 

3 

Diaphragm 

3 

Abdominal 

24 

Adrenal gland 

IS 

Laver 


Kidnev c 

Spleen 

1 

Pancreas , 

Omentum 


Brain 


Thvroid ■( 

Skeleton i 

Sternum „ 

Bibs “ 

Spine 


Pelvis ” 

Long bones 

A 

6 


Vicroscopxcalhj -The prominent feature is that the interah eolar senta m e 

Opinion differs as to the onjin oi these cells ivhotbn,. - 

ah eolar lmrng epithelium, from the basal cells of the respirator^ Wch^T 
from the mesenchimal septal cells This « A, 1 bronchioles, or 

«n<I C «„, „ d ^ lbue P „ b- Dmnalst, 

to fortifv the opinion that the alveoli nro i 6 e opinentn Sadies seem 

are ongmalh lined hi contmuoT^^ 

capm.^ bed deve.opa ««„*., m ,e™p t S g tdtreC; 
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through the epithelial lining, leaving the epithelium as isolated rounded cells, 
few in number Thus, the alveolar lining disappears by disintegration, a phvsio 
logical phenomenon to allow more rapid interchange of gases between alveoli 
and blood vessels The postnatal bronchial epithelium appears to terminate 
more or less abruptly at the beginning of the alveolar walls which aie composed 
of capillaries m delicate reticulai and elastic stroma In the walls are scattered 
so called septal cells of mesenchymal origin (epicytes of Clan and Macklin, al 
veolar cells of Lang) These are fairly characteristic cells with large, oval, pale 
vesicular nuclei, and abundantly clear cytoplasm winch is n regular in contour 
Tliej are, in turn, capable of pioliferation and transformation (Oppenheim) 
into epithelial cellular elements From a practical standpoint, the embryological 
or histological origin of the alveolai cells is not at all important 

Clinical Features in 155 Case a —It should be stated that a number of re 
ports do not contain complete clinical data Incidence is in ratio of 3 males 
to 2 females, 92 males, 63 females Onlv 2 cases occuired in Negroes, 1 in a 
Japanese The youngest patient was a 17-year-old girl and the oldest nas an 
83-year old woman The peak is reached in the sixth decade Table II records 
the age meidence 


Table II Incidence 


AGE 

NO OE PATIENTS 

SEX 


10 20 

i 

Male 92 


21 30 

6 

Female 63 


31-40 

23 



41 50 

32 



51 00 

58 



61 70 

20 



71 83 

15 




The family historj m the series was not significant, nor was occupation 
Two men were subjected to dusty atmospheres, one of these was a molder 
Another patient was a sheep lancher, and another a daily farmei Theie was 
little or no leference to the use of tobacco Tiauma to the chest was con 
sidered a possible factor in 1 case 

The past history was not enlightening Picmous lespnatoiy infection was 
lecorded in 18 cases It was diagnosed as bionehitis m 4 cases, influenza m 5, 
pneumonia in 3, pleurisy m 2, sinusitis m 3, and tuberculosis in 1 There 
■was a lnstoii of lepeated infections of an influenzal type ovei a peiiod of 
fifteen vears in 1 case, of syphilis m 2 cases, 4 had had gastrointestinal disease, 
2, heart disease, 1, pericarditis, 3, aithntis, 2, gallbladder disease, and, L 
thvTOid disease Two patients had associated cancer, one uterine and the other 
a concomitant skin cancel of the face 

The onset m the majority of cases was giadual, but in 22 cases it was 
ushered in bj an acute respirator! attack, diagnosed vanouslv as pneumonitis 
(12), bronchitis (4), pleurisj (2), influenza (1), rhinitis and sinusitis (4) l’ 1 

2 cases, the disease was asymptomatic and discovered only m the course of 
routine phvsical check-up The earliest and most constant sjmptom vas a 
cough and in all but 9 cases was pioductive of sputum The sputum was charac 
tensticallj thin, w atery mucoid, white at times, foamy oi purulent The amount 
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varied from 30 cc to 1,500 cc m twenty-four hours In onh 4 cases v as t 
sputum scantv Dvspnea was a feature in 81 patients, ltwas of all giad , 
usuallv present onlv on exertion, but described as severe by t Once dei eloped, 
it was likeh to be progressive Weight loss and fatigue neie not prominent 
features Oanosis was present in 20 patients, hemoptvsis m 13, streaking of 
sputum in 4 Fever was recorded in 20 per cent of the cases and apparently 
accompanied definite infection of the lung Once the svmptoms det eloped 
there was no letup, and the clinical condition deteriorated progressively, slowh 
or rapidlv until death, except in those eases relieved bv surgerv The detenora- 
tion was hastened hi mtercurrent episodes of infection of the lung, and hi de 
i elopment of metastases These often added svmptoms peculiar to their loca¬ 
tion as, for example, cerebral disturbance in brain lesions Death came from 
asphvvia dne to replacement of respiraton epithelium, heart failure, oi from 
complicating pulmonarv infection 

The duration of illn ess, until a patient came under hospital observation, 
i aned from a matter of several weeks m 9 cases, to five v ears m 2 cases, and 
sl\ rears in 1 case In 80 per cent, or 123 eases, the duration was less than a 
vear Most of the patients when admitted for institutional care or studv were 
gravelr ill and died within six months 

Phvsical signs were dependent on the undeilving pathological condition in 
keeping with the degree of infiltration, consolidation, or pleural effusion Pei- 
eussion note was that of mipaued resonance, dullness or flatness Bieatli sounds 
were diminished, oceasionallv bronchial in qualitv and at times absent Rales 
ueie a more constant finding, of a subcrepitant rather than crepitant tvpe, occa¬ 
sionally sibilant or fairlv moist and described as bubbly In several patients 
who had major heart lesions, the pulmonarv signs were overshadowed bv edema 
of congestive heart failure 

The blood picture changed with the duration of the disease and the degree 
of infection In general, anemia was not a factor In onlv 3 cases was there a 
red cell count of less than 4 0 million and hemoglobin of less than 70 per cent 
One of these was found to have only 4 6 Gm hemoglobin and a count of 600,000 
cells A pnmarv anemia bad been diagnosed ten vears before With appro¬ 
priate treatment the blood count rose to 4 0 million cells in two weeks In 
contrast, 5 patients had 5 0 million cells with a hemoglobin of more than 90 
per cent, 100 per cent, and 104 per cent The white blood counts were evenlv 
divided into two groups, one with a count of 5,000 to 10,000 and the other 
with a count of 10,000 to 20,000 per cubic millimeter In onlv 4 cases was the 
count more than 20,000 Polvmorphonuclear cells ranged between 80 per cent 
and 90 per cent among the highest cell counts, 54 per cent to 80 per cent m the 
lower Leukocytosis was usualh indicative of associated acute inflammation 

Sputum examination for malignant cells was recorded as having been made 
m 42 eases and found positive in 18 Malignant cells were recorded 5 times 
from pleural fluid, 3 tunes bv aspiration biopsv of the lung, and 4 tunes in 
cervical lvmph glands 

Bx x-rai examination the earliest lesions appeared as light, patchv infiltra¬ 
tions Later came nodular lesions which were seldom solitarv and usually multi- 
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centric, often coalescent to the point of forming a mass or massive pneumonic 
consolidation Plenral fluid was present m 10 per cent of the cases, ranging 
in quantity from a small amount to a chest full In only several cases was 
atelectasis piesent Enlargement of the hilar lymph glands was infrequent 
The lesion was demonstrated m one lung 92 times, one lobe 31, as a solitary 
nodule in 4, and a solitary mass in 5 The x-ray appearance was not pathog 
nomomc of alveolar-cell carcinoma It was not to he distinguished definite!) 
from adenocarcinoma, metastatic carcmoma, primary tuberculosis, sarcoid gran 
uloma, fungus disease, or bacterial pneumonitis Therefore x-ray examina 
tion of itself was of little aid m establishing the diagnosis of alveolar-cell tumor 
Bronchoscopy and bronchography proved of little value m 21 cases except 
m a negative way No tumors were seen m the accessible bronclu Inflammatory 
reaction was observed occasionally and some anatomic narrowing or bulging, 
but no ulceration Occasionally there was a suggestion of a bronchorrhea 

Differential Diagnosis —The diagnosis of alveolar-cell carcmoma is difficult 
to make during life It can be established with certainty only if characteristic 
tumor cells are found m either the sputum or pleural fluid by biopsy of lung 
tissue, secured by aspiration at the time of exploratory thoracotomy, or by 
biopsy of involved cervical lymph nodes In the series it was usually established 
only at autopsy Alveolar-cell carcinoma was diagnosed correctly in only 32 
cases before death, although carcmoma was diagnosed m 23 additional cases 
The other diagnoses, preopeiatively or ante mortem, were pneumonitis, 21 cases, 
tuberculosis, 14 cases, pulmonary suppuration, 5, chrome fibrosis, 3, pulmonary 
edema, 2, sarcoid, 2, metastatic carcinoma, 5, fungus, 3, Hodgkin's disease, 1 
In the absence of positive findings, the differential diagnosis hinges on the proc 
ess of exclusion, for example, by not finding a tubercle bacillus or a fungus m 
the sputum Confusion arises because pulmonary disease may be coexistent with 
the tumor, and may overshadow it Coecidioidosis may be diagnosed by a posi¬ 
tive skin test, histoplasmosis also by a skin test, or by a positive blood culture of 
Histoplasma capsulatum m its yeast phase Sarcoidosis is a localized lesion in 
volvmg tracheobronchial and paratraeheal lymph nodes without lack of de 
bilitation Leukemia has a characteristic blood picture, and usually a fine 
miliary stippling in x-ray appearance Xanthomatosis usually shows fibrotic 
and emhysematous components m the x-ray Secondary neoplasms can be dif¬ 
ferentiated by cell study and the findings of the extrapulmonic lesions Hodg¬ 
kin’s disease can be diagnosed by lymph node biopsy 

Treatment —Inasmuch as alveolar-cell tumor is a malignant neoplasm, treat 
ment other than by radiotherapy and surgery can be at best only palliative 
Antibiotics and chemotherapy have their place in relieving the severity of the 
infection m the bronchi and alveoli, m those cases complicated by bronchiectasis 
and pneumonitis, and particularly m pneumonitis which often initiates the chm 
cal symptoms Nitrogen mustard was tried m 5 terminal cases without benefit, 
but perhaps it has not had sufficient trial Medical treatment otherwise must be 
symptomatic to relieie cough, pain, hemoptysis, and to aid digestion and nutn 
tion 
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X-rav treatment has been given in 16 cases, in most of them as a pallia¬ 
tive pioeedure None of these patients recovered but there is evidence tha 
Siotherapv may slow the progress of the disease, as in 1 case that I am repoid- 
m «r There was no evidence that it had prevented the development of metastases 
Used m 3 cases after smgerv, one of these was alive and well after five rears, 
after a lobectomv, followed bv a pneumonectomv, anothei vs as alive aftei tom 
months the third was dead m six months Tins is too small an experience upon 
which to establish the value of radiation as a postoperative pioceduie It would 
be definitely hazardous to employ x-iav to the exclusion of suigery e\en in eaih 
lesions of small extent Alveolar cell carcinoma is apparently not sensitive to 


viavs 

Surgerv, then, is the onlv metliod of treatment which oilers a chance foi 
recovery, as is true in bionchogemc eaicmoma, but probablv is not as successful 
because of the proclivity for alveolar-cell eaicmoma to be multicentiic and often 
bilateral m its earlv stages 

Results of Surgical Tieatment in 50 Cases —Exploratory operation was 
perforated in 10 cases, segmental resection m 4, lobectomy in 18, lobectomy and 
lmgulecfomv in 1, pneumonectomy in IT, exploratory biopsy bv needle m 4 
Of these 50 cases operated upon, 11 patients aie known to be living and well 
foi a period of one to ten rears, 1 for six years, 2 foi five, 5 for four, 1 foi 
as long as ten rears, and one longer than tuo Five of these 11 had pneu¬ 
monectomies, and three had lobectomies Theie were 8 postoperative deaths 
Eleven died within six months, 4 within twelve months, 8 within two rears, and 
2 within four vears One was lost to follow-up 

These lesults are piobablv no better than, if as good as, those following 
surgeir for adenocarcinoma or '.quamous-cell carcinoma of bronchial origin 
Mdule it is inadvisable to make deductions fiom a small senes, the statistics 
indicate that pneumonectomv is the operation of choice Segmental resection 
or lobectomy should be reserved for those oceasomal eases where there is a local¬ 
ized minimal lesion Opportunity for resection surgerv will depend upon 
early recognition of the tumor Improvement m recovery statistics will also 
depend upon early surgical attack That a number of these cases have had 
symptomatic relief and their lives have been prolonged oi made more com- 
foitable justifies surgical treatment, hut resection for palliation only is ques¬ 
tionable 


CVSE REPORTS 

Case 1 —hi, a 49 year old man who was bora ana raised on a farm, had had prac 
ticallv nothing to do with animals or sheep since boyhood Fonr years before he remem 
tiered haying inspected a flock of «keep, bnt was exposed to them only for a matter of an 
hour or so He was employed m a grocery business In 1919, he was shot m the chest in 
a hunting accident The bullet mushroomed, split, and left some fragments m the chest 
but he made a satisfactory recoyery in a month’s time In 1934, the larger bullet fne 
ment was removed from the ensiform cartilage, but small fragments were left in the chest 
He liad had arthritis in the neck for fifteen years following a dental abscess In 1940 be had 
lmd double pneumonia which was treated with sulfonamides and he made a satisfactory re 
. men- In 1946, he developed indefinite pains in the chest, and a roentgeuogram madTthen 
did not show am abnormality In September, 1947, he was reachmg over to p.ck a 10 
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Fig- 1 —Case 1 PM Left lung showing a nodule and diffuse Infiltration in upper lobe 

ana likewise in lower lobe 



Fig 2 Fig 3 

Fig 2 —Case 1 Left temporal lobe of brain show ing a large tumor mass with central 
necrosis 

Fig 3—Case 1 Photomicrograph of the lung tumor showing tall columnar cell** in 
papilla-like projections enclosing spaces filled with mucus (X20 reduced ] 6-> 
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pound w eight off the floor when he had hemoptysis of more than a cup He was hospitalized 
and within two or three days had recurrent hemoptysis of about the same amount The 
diagnosis was pneumonia He was treated with penicillin and sulfonamides for seicral weeks 
but was left with a cough and shortness of breath In February, 1948, he was hospitalized 
at the Bestarch Hospital in Chicago where x ray showed the probability of a tumor of the 
lung Bronchoscopy was attempted but was not earned out because of ngid arthritis in the 
neck He was given three x ray treatments over a ponod of two davs, and it was thought 
that these treatments caused some recession of the tumor, though shortness of breath and 
a moderate amount of white sputum persisted The patient gained weight up to 233 pounds 
and then he dieted and reduced to 180 pounds In December, 1948, he developed clubbing 
of the fingers, and a certain amount of dizziness and palpitation. He was examined bv Dr 
W M Cooper who found dullness in the upper left chest and, by z ray, an upper lobe ma«« 
\ itnl capacity was 3 4 L, 75 per cent of normnl There was some enlargement of the liver 
The blood pressuro was 130/80, blood count hemoglobin 90 per cent, BBC, 4 90 million, 
W B C, 14,900 per cubic millimeter, liematocnt 38, polymorphonuclear leukocytes 58 per cent, 
lymphocytes 38 per cent, eosin, 4 per cent The sputum was negative for tubercle bacilli. 
On Feb 19, 1949, he was admitted to my care at the Presbyterian Hospital at which time 
he had 150 cc mucoid sputum daily, and some left subcostal pain Examination disclosed 
dullness over the left upper lobe, and x raj showed consolidation of the lobe The sputum 
contained no tumor cells, and bronchoscopy showed no tumor cells The RJB C was 4.5 
million, hemoglobin 93 per cent, weight 200 pounds The diagnosis was carcinoma of tho 
lung Exploratory thoracotomy revealed a large moss in the upper lobe adherent 
to pleura, and smaller nodules in tho upper portion of tho left lower lobe The bippsy showed 
alveolar cell carcinoma The sputum and dyspnea were markedly less when he was treated 
w ith Aureomycin X ray treatment was kept up until December, 1950, when he developed head 
ache and dizziness After an exploratory craniotomy performed in March, 1950, ho was found 
to have brain metastasis He died eighteen months after the onset of pneumonin in 1949, 
and one jear after diagnosis of nlvcolai coll carcinoma was established 

Case 2 —D A, a 66 j ear old man, was admitted to my service at tho Presbyterian 
Hospital with a fairly nonproductive cough, progressiio loss of weight (15 pounds), and lo«s 
of strength The sputum was negative for tumor cells Bronchoscopy was negatne X rav 
showed a 6 cm mass in the right upper lung The diagnosis was carcinoma of the long and 
chronic pulmonary fibrosis A right pneumonectomy was performed and he died thirty six 
hours after the operation from asphyxia due to a massive plug m the left main bronchus 
The microscopic diagnosis was alveolar cell carcinoma 

Case 3—W H, a 58 year old man, had had a cough for flic or six years The sputum 
was mucoid There was a 20 pound weight loss, and substomal pain, and x ray had showed 
spots on the lungs three years before admission Bronchoscopy was negatne An x ray 
on ndmission showed extensive nodulntion and infiltration of both lungs The diagnosis was 
pneumoconiosis and tuberculosis Malignancy was not ruled out Ho died four months after 
hospital admission, and autopsy disclosed alveolar cell carcinoma One bronchial lymph node 
was involved 

C\se 4—M M, a 64 year old man, was first admitted on April 28, 1950 Two mouths 
before, there was an onset of dyspnea on exertion and nausea after eating with a loss of 
weight of 10 pounds There was an apical systobc heart murmur and tho blood pressure was 
125/85 In tho right upper lobe there were diminished breath sounds and dullness with a 
few crepitant rfiles on coughing Tho sputum was negative for tnbercule bacdb and there was 
predominance of gram positivo cocci in chains The sedimentation rato was 16 mm in sixtl 
minutes The hematocrit was 43 per cent X ray allowed generalized nodular infiltration 
involving both lungs, with nodules averaging 5 mm m diameter One consolidation area 
was located in the middle of the right lung around tho hilus Tho diagnosis was silicosis 
and atelectasis of the right lung Tuberculosis and carcinoma were not ruled out On the 
second admission, June 15, 1950, tho x ray appearance wns as before wntli addition of fluid 
in the right chest The fluid, blood tinged, was negatne for malignant cells The diagnosis 
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was probable carcinoma of tie lung Tlie patient died on July 16, 1951 The autopsy dis 
closed colnmnar-cell carcinoma, variant of pulmonarv adenomatosis There was metastasis 
to the pleura, chest wall, pericardium, mediastinum, tracheobronchial lymph nodes, and omen 
tnm There was 2,000 c.c of fluid m the pleural space 


Fig 5 —Cavi 5 


M. L 


moft 1 eJ r a rea^"o^er * the* enti r surface. l1l3tribution of «* 




Fie 6—Case 5 Close-up of pleural surface. 
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Case 5 — M L, a 39 year old wom-ui, had had a cough for one year with east falign 
bility and dyspnea for six months She was admitted to the tuberculosis hospital in August, 
1049 The sputum was negative for tubercle bacilli There were cyanosis and substemnl 
pain with a 45 pound weight loss There was slight hemoptysis one month before Fine 



Fig 7—Case 5 Photomicrograph of tumor in lung showing large mucus filled spaces lined bj 

columnar cells (X120 reduced ) 


1 



S Ig S — Case 5 Roentgenogram widespread nodules Infiltration throughout both right and 

left lung fields 

rales were heard m the bases of both lungs There were cardiac enlargement and clubbing 
of the fingers The blood pressure w as 142/90 Tho vital capacity was 32 per cent of normal 
The x ray showed densities throughout the lung fields except in the apices The x ray diagnosis 
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Case 6-W C~ a IS^ZT^ZlmzX chrome pnlmonarr 

occasional aclnng pjn m l ^ ^ nve for tubercle bacilli There ins progressive 
tuberculosis arrested. The P revealed apparent activatv as soft densities 

l0 ' S with atelectasis m the left lung Weakness and muscle 

were present in the ngut luu s v showed a destructive lesion 

TT XZSXSS 1 E 5^5- \,Z «. 

°1 1 C OctoVr 1P31 Aotop<T li-Ao-.d nkeotar-ceU nicnons nlU metastasis to the spine, 



Fic 9 —Case 2. D A. Roentgenogram, circuro‘=cribe»l den^e shadow characteristic of tumor 
occupjlng greater part of right upper lobe. 


Cafe 7 —1L B-, a 49 rear old man. had had a cough for one month which he thought 
tvas due to a cold for which he was given penicillin. The sputum was thin, mncoid and 
negative for tubercle bacilli and malignant cells The culture showed a predominance of 
gram positive cocci. Mvcehnl forms and Leptothnx were present The patient had slight 
dvspnea with a dull aching m the chest There were no phvsical abnormalities The 
temperature was 00 ° pul-o. 00 and respiration 20 Bronchoscopv showed an upper 
lobe tumor of the left lung which was bevond the reach of the bronchoscope X rav disclosed 
a large mass m the left paratracheal position. At operation a mass the size of a baseball 
was seen which involved the left upper lobe mediallr ^veral subpleural nodules were 
adherent to and penetrating the pleura. The lesion wns considered irremovable The biopsv 
proved alveolar columnar-cell carcinoma. The patient died withm stx months 

Case S —A A., a 53 rear old man, sought medical advice because of swe lling of the 
terminal phalanges of the hands, feet, and ankles, tvpical of pnlmonarr osteorathropathv There 
were no pnlmonarr svmptoms Temperature, pulse, and respiration were normal Exa mina tion 
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of the chest was normal The blood pressure was 150/90 The sputum was negative for 
tubercle bacilb and tumor cells The red blood count was 4 0 million, hemoglobin 83 per cent, 
wbc, 4,500, monocytes 54 per cent An x ray examination showed a sobtary nodule in 
the apex of the right lung Bronchoscopy was negative A pneumonectomy was performed 
The diagnosis was alveolar cell carcinoma For tw o years, the patient has been ahve and well 

Case 9—J K, a 51 year old woman, was admitted to the hospital because of an acute 
thrombophlebitis in the left leg of two weeks’ duration For ten years previously, she had a 
known myocarditis with dyspnea and a cough The sputum was scanty and of the mucoid 
type On physical exammation subcrepitant rfiles could be heard at the bases of both lungs 
The heart was enlarged with an apical systolic murmur The blood pressure was 122/82, 
temperature, 100° F , pulse, 100, and respiration, 30 The x ray showed that nodular 
infiltration was extensive m both lungs with coalescence in the left lower lobe which was 
almost solid The nodules varied from 3 mm to 2 cm in diameter The sputum was negative 
for tubercle bacilb, with staphylococcus predominating The red blood count was 4 5 
million, hemoglobin, 80 per cent, wbc, 20,000 She grew progressively worse with 
increasing cyanosis-and dyspnea Death occurred three months after hospital admission The 
diagnosis had been metastatic malignancy, and the autopsy proved it to be alveolar cell 
carcmoma, with metastasis m the tracheobronchial lymph nodes There was an infarct 
in the spleen and there was thrombosis of the pelvic vessels The heart showed mitral 
vegetative endocarditis, and hypertrophy of the right ventricle Adhesive pleuritis was 
present 

Case 10—H. F, a 55 j ear old man, was well until March, 1952, when he developed a 
cold and malaise following a squeezing injur) to the chest He had a small hemoptysis, and 
started to lose weight The cough persisted and dyspnea developed He was admitted to the 
hospital in April, one month later Physical signs m the chest indicated a pleural effusion 
The expansion of the right chest was small Breath sounds were absent with flatness The 
liver was enlarged The temperature was 100° F , pulse, 90, and respiration, 22, rbc, 
4 8 milhon, hemoglobin, 96 per cent, wbc, 11,100, polymorphonuclear leukocytes, 74 
per cent. The sputum was negative for tubercule bacilli and tumor cells, and gram positive 
cocci predominated The pleural fluid contamed no tumor cells The sedimentation rate was 
38 in sixty minutes The x ray showed a consolidation of the upper and lower right lung 
fields, with pleural effusion Bronchoscopy was negative An exploratory thoracotomy dis 
closed a nodular infiltration of the right lower and middle lobes with the lung adherent to 
the chest wall Biopsy proved alveolar columnar cell carcinoma The patient died one month 
after the operation 


CONCLUSION 

Fxom tins xecord it is evident that alveolai-cell caicmoma is a laie and 
liighlj malignant foim of cancel -which runs a fatal course within two oi three 
years It is a tumoi which cannot be diagnosed often enough m its eaily stages 
to peinnt eailj and successful attack Thus far, suigerv, and not ladiotheiapy, 
is the onl) tieatment for prolonging and saving life Two patients have lived 
longei than five veal's following lesection surgen 

REFERENCES 

1 Adler, I Primary Malignant Growths of the Lung, New York, 1912, Paul B Hoeber, Inc 

2 Adler, I Primary Malignant Growths of the Lung and Bronchi, Pathological and Clinical 

Study, New York, Longmans, Green L Co 

3 Alexander, C M, and Chu, F Pulmonary Adenomatosis Complicated b) Lobar 

Pneumonia, Arch Path 43 92 101, 1947 

4 Atkin, A , and W agner, D H Pnmarv Carcinoma of the Lung, JAMA 106 

5S7 591, 1936 

5 Bell, E T Hyperplasia of Pulmonary Adenomatosis m Disease, Am J Path 19 

1901, 1943 



DECKER AKYEOKAR-CEEL C4RCIXOMA OF LLXG 


245 


10 

11 

12 


- ttsjrjsss .» A "? & J * 

’ ana- “m' 

S Brem.r, 3 1 Post X.tal Deodopmtnt ol tbo iloeol.t m Momols » SoloPon 

3 *-«» " 

the Human Lung, J Path. A Bact 45 6 , <3, 193 , 344 1937 

Ttutmq S and Erwin, J H Pulmonary Adenomatosis Am. J Med 7 330 34 A, last 
Breise’ Zur Kenntws des pnmaren lungenharzinoms mit statischen angnber, Frankfurt, 

Casdli^A. B ^akWhite” H J Bare Forms of Malignant Lung Tumors, Beport of 
Three Tvpes, Am. J Clin Path 10 623 641, 1940 

13 CoopeT, ERA. Histological Investigation of the Development and Structure of the 

Human Lung, J Path. A Bact 47 105 114, 193S T 

14 Cowdrv, E V Studies of the Etiology of Jaagsiekte (1) Primary Lesions, J 

Exper Med 42 323 332, 1925 (2) Origin of Epithelial Proliferation and Sul) 

sequent Changes, J Exper Med 42 335 346, 1925 

15 Coivdrr, E V, and Marsh, H Comparatire Pathology of South African Jaagsiekte 

and Montana Progressive Pneumonia of Sheep, J Exper Med 45 571 5S1, 1927 

16 Dacie, J T, and Movie, C Malignant Adenonmtosis (AlveolaT Cell Tumor of the 
Lung) Bnt J Tuberc 36 15S165, 1942 

Dams, M W , and Sunon, T B Alveolar CeB Tumor of the Lung, Am Bev Tuberc 62 
594-609, 1950 

Dennis, John M. Eabv, Wm T , and Hildenbrand, E J C Pulmonary Adenomatosis, 
Ann Int Med 36 667, 1952 

19 Delarne, X C., and Graham, E A Alveolar Cell Carcinoma of the Lung (Pulmonary 

Adenomatosis, Jagziekte 1), J Thoracic Sur g 18 237 251, 1949 

20 Drvmalski, G W, Thompson, J R , and Sireanv, H C Pulmonary Adenomatosis, a 

Beport of Three Cases Am. J Path 24 10S3 1093, 1943 

21 Dungal, X Epuootical Adenomatosis of the Lungs of Sheep, Its Belation to Verminous 

Pneumonia and Jaagsiekte, Proc Bov Soe. Med. 31 447 505, 193S 

22 Dungal, X Experiment With Jaagsiekte, Am. J Path 22 737 759, 1946 

23 Dungal, X, Gilasin, G, and Taylor, E L Epizooticadenomatosis in the Lungs of 

Sheep, J Comp Path. A Therap 51 1-46, 1938 

24 Finiev, D , and Parker, R W Case Primary Cylindrical Epithelial Cell Tumor Lung 
Lancet 1 838, 1S77 

Fisber, John Bl, and Holly, W J Primary Alveolar Cell Carcinoma of the Lung, Arch 
Path 65 162170, 1953 

Fishman, A P , Epstein, B S, and Grauzel, D M Primary Alveolar Cell Carcinoma 
of the Lung With Pulmonary Sclerosis and Bight Heart Failure, Am Heart J 30 
309 313, 1945 

27 Fried, B AT Primary Carcinoma of the Lungs, Arch Int Med. 35 1-41, 1925 
Primary Carcinoma of the Lungs, Medicine 10 373 508, 1931 
Pulmonary Adenomatosis Beport of a Case, Am Bev Tuberc. 60 


17 

IS 


25 

26 


28 


and Knox, L C Primary Cancer of the Lung, Am. J Cancer 30 219, 


32 


Fried, B M. 

29 Freedman, B 

25S, 1949 

30 Fns*eU, L. F., 

1939 

31 Geever, E F , Xenhuerger, K. T , and Davis, C L. Pulmonary Alveolar Lining Hnder 
1 nnous Pathological Conditions, Am. J Path. 19 913, 1943 

Geever E F , Carter, H B Xeubuerger, K. T, and Schmidt, E A. Koentgenologic and 
Pathologic Aspects of Pulmonary Tumors Probably Alveolar m Origin With Beport of 

ladio^'« ne 3rl3l7 e i9S ,inpIlCatPd bT Toru2oS ' 3 of 1116 CeBtraI Perrons Intern, 

33 Gazayerli, M. On the Nature of Pulmonary Lining ana the Origin of the Alvenlnr 

Phagocyte, J Path. A Bact 43 357, 1936 ^ 6 Alveolar 

34 Gepts H Pulmonary Adenomatosis Beport of Case Demonstrating Peculiar Histological 

Changes m Certain Bronchioles, Arch. Path. 52 473-479 1951 f ’ c u 

35 Good C A. McDonald T B, Clagett, O T, and Griffith, E R Alveolar Cell Tumors 

, r (. f aixi - A Mayo Found 41 4S5-499 1949 

36 Good, C A., McDonald J B, Clagett, O T, and Griffith E B Alvenlnr Foil m 

of the Lung, Am. J Boentgenol 64 1 l.i 195 O ’ Alveolar CeU Tumors 

* Hance^2 K 50L mo° Q ^ Muse A,vw1ar Carcinoma of the Lung, 

3S Grady, H G., and Stewart H L. Histogenesm of Induced m 

Strain A of Mice, Am. J Path 10 417-432, 1940 ™ ^ alm °»ary Tumors in 

Griffith, E B Alveolar CeU Carcinoma of the’ Lung Thesis TTmverntv vr 

J Roentgenol. 5 . Rad Therap 64 1 11 , 1950 h diesis University of Minnesota, 


39 



246 


THE JOURNAL OF THORACIC SURGERA 


40 Gesehiekter, C F , and Denison, B Primary Carcinoma of the Lana, Am J Cancer 22 

854 877, 1934 

41 Hatfield, W H, and Hill, J E Pulmonary Adenomatosis With a New Laboratory 

Finding, Am J Roentgenol 62 525 530, 1949 

42 Helly, K Em seltenerpnmarer Lnngentumor, Ztschr Heilk 28 105 110, PI IX, 1907 

43 Herbut, P A Bronchiolar Origin of "Alveolar Cell Tumor” of the Lung, Am J 

Path 20 911 929, 1944 

44 Herbut, P A Alveolar Cell Tumor, Further Endenco of Bronchiolar Origin, Arch. 

Path 41 175 184, 1946 

45 Hildebrand, E Pulmonarv Adenomatosis, Report of a Case, Am. Rev Tuberc. 57 

281 280, 1948 

46 Ikeda, K Alveolar Carcinoma of the Lung, Am. J Clm Path 15 50 63, 1945 

47 Jennings, G H Lung Alveolar Tumors Report of Tno Cases, Thorax 3 174-184, 1948 

48 King, J C, and Carroll, D 8 Pulmonary Adenomatosis, a Report of Four Cases, 

Radiology 66 669, 1950 

49 Kennamer, P A Pulmonary Adenomatosis, J A. M A 146 815, 1951 

50 Klotz, M O Primary Carcinoma of the Lung, Am J M Sc 196 436-454, 1938 

51 Kretschmer, W H Ueber das pnmiire Bronchial und Lungen Carcmom (Thesis) 

Leipzig, 1904, B Georgi Cited by Weissman 

52 Kent, J V Primary Alveolar Carcinoma of the Lung, Brit J Radiol 24 216 220, 

1951 

53 Laipply, T C , and Fisher, E L Primary Alveolar Tumors of the Lung, Arch Path 48 

107 118, 1949 

54 Maekhn, C C Pulmonary Alveolar Epithelium, J Thoracic Surg 6 82 88, 1936 

55 Malassez L Examen histologique a’un cas de cancer encephaloidc du poumon 

(epithelioma), Arch de physiol norm et path 3 353 372, PI XIX, 1876 

56 HcCallnm, R I Alveolar Cell Tumor of the Lung Report of a Case, Brompton Hosp 

Rep 18 140 151, 1949 

57 McCoy, H I Alveolar Cell Carcinoma of the Lung, Ann Int Med 34 968, 1951 

58 Miller, James Primary Carcinoma of the Lung, Am. Rev Tnberc 21 1, 1930 

59 Miller, W S Tho Lung, ed 2, Springfield, Ill, 1947, Charles C Thomas, Publisher 

60 Musser, J H Primary Cancer of the Lung, Umv Pennsylvania Bull 16 261 265, 

1903 Trans Assoc Am Pliys 18 624 636, 1903 

61 Neubuerger, K T Primary Alveolar Cell Tumor of the Human Lung Report of a Case, 

J Thoracic Sorg 10 557 565, 1941 

62 Neubuerger, K T, and Geever, E F Alveolar Cell Tumor of the Human Lung, Arch 

Path 33 1551 1569, 1942 

63 Norris, R F Pulmonary Adenomatosis Resembling Zaagsiekte in Guinea Pig, Arch 

Path 43 53 58, 1947 

64 Os8erman, K. E , and Neuhof, H Mucocellular Papillary Adenocarcinoma of the Lung 

and Lobectomy, J Thoracic Surg 16 272 278, 1946 

65 Paul, L W, and Ritchie, G Pulmonary Adenomatosis, Radiology 47 334 343, 1946 

66 Paul. L W, and Julil, J H Pulmonary Adenomatosis Further Roentgen Observations, 

Radiology 66 681, 1950 

07 Peterson, E W , and Houghton, J D Pulmonary Adenomatosis, New England J Med 
244 429 433,1951 

68 Pirchan, A , and Sikl, H Cancer of the Lung in the Miners of Jackymov (Joachimstahl), 
Am J Cancer 16 6S1 72 2, 1932 

09 Richardson, G O Adenomatosis of the Human Lung, J Path & Bact 61 297 298, 
194° 

70 Reuss, H Ueber zwei falle multicentrish enstundonen lungen kraber Inengunl P'S 

sertate Hamburg, 1934 

71 Rosomond, G P , Burnett, W E , and Hall J H Value and Limitations of Aspiration 

Biopsy for Lung Lesion* Radiology 52 506, 1949 

72 Rosemond, G P, Boueot, K R, and Aegerter, E Solitary Pulmonary Adenoma 

(Focal Pulmonary Adenomatosis) A Three Tear Follow up After Resection, J 
Thoracic Surg 22 99 103, 1951 

73 Ross I S Pulmonarv Epithelium and Proliferative Reactions in the Lungs, Arch 

Path 27 478 496, 1939 

74 Rusk, G T, and Randolph, V The -Anatomic Findings m Cases Simulating Pulmonary 

Tuberculosis, J A M A 82 442-447, 1924 . 

75 Simon, M A So called Pulmonary Adenomatosis and ‘‘Alveolar Cell Tumors ” Report 

of a Case, Am. J Path 23 413 427, 1947 

76 Simon, M A Diffuse Pnrnnn Alveolar Carcinoma of the Lung, Am J Clm. Path 17 

773 776, 1947 

77 Simon M A Hamartoma* of the Lung and So called Pulmonary Adenomatosis Am 

J M Sc 216 333 342, 1948 

7S Simonds, J P, and Curtiss, J S Lesions Induced in the Lungs by Intravenous 
Injection of Tar, Arch Path 19 287 302, 1935 



decker 


ALTEOLAR-CELL CARCEsCMA OE LUNG 


247 


7 C Sun? J C Multiple Bilateral Pulmonary Adenomatosis in Man, Arch Int Med 71 

403-40^ 1^43 _ _•» -r» _„. V., M «-r fir 11 AIywVWt 


50 Smith,'R.. Knmltsom K. P aBd Batson VT L. Termmta B r onchio\ar or « ^eoHr 

Cell > Cancer of the Long A Report of Twentv Case,, Cancer 2 -r ' ;- ’ 194 

51 Straub, M. Microscopic Change, in Lungs of Mice Injected With Influenza \ 

SI. Stephens^H. B.^and Shipman/’S^ J Pulmonary Alveolar Adenomatous Cancerous 
Pulmonary Adenomatosis Alvoelar CeR Carcinoma of the Lung Jaagsiekte , J 
Thoeactc Sitg 19 5S9 590 1950 , . „ ., - 

53 Strance J G Pulmonary Adenomatosis and Its Relationship to the 1 roblem or 

Mnbgnant Tumor, of the Lung, Am. Surgeon 18 655, 1952 

54 Swan L. L. Pnlmon'irv Adenomat 0*^15 of Man. A Renew of the Literature 'lnd 

Report of Vine Cases Arch. Path. 47 517 o44, 1949 
So Sweenev IL C Soaalled Alveolar Cell Carunoma of the Lung, Arch Path 19 
203 207 1935 _ , 

Sb Taft E B and Nicher-ran. D A. Pulmonarv Mucous Epithelial Hyperplasia (Pulmo 
narv Adenomatosis) a Report of Two Cases Am. J Path 20 395-411 1944 
S7 Tibet R B and Hir-ch E. F So-called Pulmonary Adeuomato~is of the Lung 
Illinois M- J 101 53 1952 

55 Watson W L. and Smith S R Terminal Bronchiolar or Vlreolar Cell ’ Cancer 

of the Lung Report of Thirty Three Cases, J A. M A. 147 7 13 1951 
S9 Weir A B Jr Pulmonary Adenomatosis Clinical Review and Report of Three 
Cases Arch. Int Med 85 SOb SIS 1950 

90 Weismann, S Ceber dar diffuse pnmare alveolnr epithelearmnom der Lunge Frankfurt 

Ztschr Path. 47 534-551 1935 

91 Weller C V The Pa*hologv of Primary Carcinoma of the Lung, Arch Path 7 

47S 519 1929 

92 Wenger, F Sobre un caso de tumor de las cflulns alveolares del pnmdn, Prensa med 

argent 32 44-4S, 19 45 Cited bv L L Swan. 

93 White, J X, Madding, G F, and rfershbeTger, L R Alveolar CeR Tumor of Lung 

Dis Chest 21 655 1952 

94 Wmtemitz, M C, 9 mlt h, G H., and McNamara F D Epithelial Proliferation 

Following Intrrabronehial Insufflation of Acid J Em per Med 32 205 217, 1920 

95 Womack, X A and Graham. E A. Mixed Tumors of the Lium Arch Path 26 165, 

193S ~ ’ 

96 Wood, D A., and Pierson P H. Pulmonary Alveolar Adenomntos s in Man. Is This 

the Same Disease as Jaapnekte in Sheep' Am. Rev Tuber.. 51 205 243, 1945 
9, Wood, E. H. Unusual Case Carcinoma of Both Lungs Associated With Upon! Pneumonia 
Radiology 40 193 1«5 4043 r 

9S Roolner L. B„ and McDonald J R Carcinoma Cells in Spntum and Bronchial 
Secretion Surg Gvne~ 5. Ob=t 88 273 1949 

QQ 1 ° U t n # 1.4; , i A J P, e Experimental Production of Metaplasia and Hyperplasia in 
Endothebum. and of Hyperplasia in the Alveolar Epithelium of the 
Rabbit < B Further Experiments on the ProdneCon of Hyperplasia m the Alveolar 
, nn „ Epithelium of the Lung of the Rabbit, T Path. Bact 31 265 275 705 7 M lfUS 
WO Toung J S Epithel al ProUferatiou m the Lnng of the Rabbit Brought Aboufbv 
^trap’etfU Injections of Solutions of Electrolytes Phvsieo Chemical Interareration 
of the Phenomenon. J Path S. Bact SS 363 3S1 1930 terp otatlon 

101 L “ S " >« "■« of Foh» 



IMPROVED INSTRUMENT FOR TIMED VITAL CAPACITY 

J K Curtis, M D, P E Sadler, M D, and H K Rasmussen, B S 

Madison, Wjs 

V ITAL capacity is one of the oldest measurements of pulmonary ventilation 
In recent years the test has been critically analyzed by a number of in\ esti 
gators Bjork 1 and others have suggested that the test be eliminated The chief 
count against the test is the unde range of normal values Formulas for predict 
mg normal vital capacity are available 2 4 but a single test may deviate as much 
as 20 per cent from the calculated figure On the other hand, serial deternuna 
tions of the vital capacity are especially useful m evaluating a patient’s ventila 
tory status from time to time Thus, the observed changes become more important 
than the single observation or deviation from normal The validity of serial 
studies is based on the fact that repeated vital capacity tests from day to day or 
month to month will yield almost identical results on a normal subject s A 
senes of 24 convalescing tuberculosis patients with stable x-rays were tested 
in oui laboratory and retested after an interval of three months Our results 
showed a difference of +3 6 pei cent between the averages of the first and 
second determinations and a range of +11 per cent to -9 per cent Me have 
used the test extensively for determining the amount of functioning lung lost 
as a result of pulmonary resection for residual tubeiculous disease 6 

Recently, Gaensler 5 7 8 has popularized the timed vital capacity This 
is a dynamic test designed to give the amount of the expired air in relation 
to time As generally performed, the test gives the amount of air expired m 
one, two, and three seconds, as well as the total vital capacity, from which the 
percentages may be calculated In normal subjects the percentage expned in the 
fust second is 83 per cent, m two seconds 94 per cent and m thiee seconds 9i 
per cent 5 The test is useful m sepaiatmg patients with obstructive insuf¬ 
ficiency from those with lestnctive ventilatory insufficiency For example, the 
emphysematous patient often has a total vital capacity within normal range, 
but the timed vital capacity demonstrates prolonged expiration 

At our hospital, patients scheduled foi pulmonary lesection receive ventila 
torv scree nin g tests consisting of the spirographic pattern as described bv 
Baldwin, 4 maximum breathing capacity, 4 and one-breath 0 2 test foi intra 
pulmonary mixing 9 During the past year, if the spirogram suggested air 
trapping or if the maximum breathing capacity vas i educed and the tracing 
showed elevation to hyperinflation level, the Gaenslei timed vital capacity 
test v as performed. Under these circumstances the timed vital capacity like- 

From the Veterans Administration Hospital Madison Wis 
Receded for publication Feb 16 1965 
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wlse proved to be abnormal Furthermore, most of the surgical patients with 
greatly prolonged timed vital capacity have shown emphysema m the resected 

poition of the lung 6 _ , , , 

The vitalometer, as recommended by Gaensler,' is a standard Collins vital 

capacity instrument with a 7 L bell suspended in a water bath By means 
of an electrical device, the amount of air expired on maximum, rapid expira¬ 
tion is determined for one, two, and three seconds Percentage is calculated 
by dividing these figures by total vital capacity VT e have found the apparatus 
to be reliable, but there are certain features which are undesirable First, 
the apparatus does not measure the time necessary to expel the first 200 to 
400 c c of air This is due to the design of the timing device which is not 
activated until this amount of gas displaces the bell upward Thus, criterion 
number 2 of Gaenslei 5 is not met This states that the instrument should 
permit initiation of the timing cycle by the beginning of the patient’s expira¬ 
tory effort The speed with which the patient initiates expiration under condi¬ 
tions of work is an important factor in pulmonary ventilation The maximum 
breathing capacity is gieatly influenced by the rapidity of the initial phase of 
expiration. 10 A second factor of concern to the patient is the necessity of re¬ 
peating the test at least two times for each second m order to ensure data with 
maximum accuracy This is not only tirmg to some patients but consumes 
the technician’s time Third, the apparatus pi ovules no spirographic recoid 
for future study and comparison 

These difficulties may he overcome by adapting a recording system to the 
vitalometer A low torque potentiometer* is fitted over the shaft of the pulley 
u heel (Fig 1) The activating current is obtained from a 15 volt battery 
connected to a rheostat The output of the potentiometer is led to a DC 
amplifier in a Sanborn recorder run at a speed of 2 5 cm per second Fig 2 
shows the electrical diagram. The curve obtained is practically linear (Fig 
3), and gives the volume of expired air m relation to time Calculation of the 
timed vital capacity is easily accomplished by reading the volumes for each 
second off the curve after projecting perpendicular lines for one, two, and 
three seconds from the time bne Fig 4, A illustrates a normal vital capacity 
curie On the ordinate at the left is shown the standardisation of 0 and 5,000 
c c Fi\ e large squares along the base represent one second Fig 4, B shows an 
abnormal curve obtained from a patient with pulmonary emphysema, proved by 
resection of the lung 

To ensme accmacv, the apparatus was tested for resistance to rapid air 
flow and this uas found to be negligible (2 cm of water pressure at rate of 
6,000 c e /sec ) Thirty patients with vital capacities varying between 1,500 
cc and 5,000 cc were selected to perform the vital capacity test on’the 
vitalometer, on a Collms respirometer, through a high velocity -valve into a 
meteorological balloon, and on a special Emerson low resistance gas volume 
meter Care was taken to iary the sequence m which the four instruments 
" C Tf T d 1S ° correctlons for temperature, pressure, and humidity were made 

Table T° l L ,r CnC V nd ? d " al ' V6re Primed under the same conditions 
Tahiti shows the results of these tests It is evident that the vitalometer 

•Glannlnl No. 2 270 decrees Ion torque, 100 000 ohm. 
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yields accurate results in all clinical ranges Furthermore, duplicate lolume 
curves were carried out on 30 patients, allowing a few minutes between the 
first and second test Theie was very little difference between the first and 
second total vital capacity tests The conelation coefficient (r = 97) between 
these indicates a high degiee of leliability between repeated testmgs The 
diffeiences between the duplicate i allies obtained for the first, second, and 



Fig 1 —Potentiometer fitted to a ltalometer 



SANBOBN 
POLY V1SO 


third second timed vital capacity were likewise extremely small When sub 
jected to statistical analysis, the correlation coefficient for the first second va* 5 
i «= 95 , second second, i = 97, and tlmd second, r -= 95 
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FIgr 3 —Each step represents addition of an equal amount of gas to vitalometer 



TOTAL VO 4438cc, 1st SEC 83%, 2nd SEC 97%,3rd SEC. 99% 


Flp A A—Normal timed \ltal capaclU 



Fie AB — Abnormal timed vital capacltv 
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Table I Comparison of Four Types of Vital Capacity Instruments 


AVERAGE 

VITAL CAPACITIES 

NO OF 

PATIENTS 

VITALOM 

ETER 

RESPIROM 

ETER 

EMERSON 

BAILOON 

30 

3,748 o c 

3,530 c o 


3,747 C.C 

Group 1 

1,500 3,000 c c 

8 

2,621 

2,427 


2,556 

Group 2 

3,000 4,000 c c 

8 

3,368 

3,247 

3,218 

3,415 

Group 3 

4,000 5,000 c c 

14 

4,609 

4,322 

4,427 

4,617 


SUMMARY 

1 The value of the vital capacity test for evaluating changes in pulmonarj 
ventilation is discussed 

2 A modification of the vitalometer is described which utilizes a potentiometer 
to obtain a timed volume graph 

3 The advantages of this modification are as follow s 

a The method records air flow from the moment expiration begins 
b Only one expiratory effort is required to obtain data from which one , two-, 
and three second timed \ ital capacity percentage is calculated 
c A small permanent record is obtained which is accurate and easily inter 
preted 

4 The convenience and simplicity of tins instrument extend the usefulness of the 
timed vital capacity in screening patients before pulmonary surgery 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Thirty sixth Animal Meeting of the American Association for Thoracic Surgery 
nfU be held Mav 7, S and 9, 1956, in Miami Beach, Honda. Headquarters mil be at the 
Hotel Fontainebleau 


Requests for Hotel Reservations 

These should be mailed directs to Mr Jack Slone, Director of Sales, Hotel Fontaine¬ 
bleau, Miami Beach, Florida. Please mention this Association, the type of accommodation 
desired, the date and approximate hour of amTal and departure If accommodations are 
denied elsewhere in Miami Beach, please communicate directly mth the hotel of yonr choice 

Thoracic Surgical Forum 

The Thoracic Surgical Forum mil be continued as a special session at the 1956 meeting 
The Forum is primarily for the presentation of short papers on current thoracic research, 
expenmental problems, anatomical studies and modified or new surgical techniques The in 
elusion of any considerable amount of clinical material in these reports makes the choice more 
difficult and the Program Committee reserves the right to reject such papers, or to suggest 
their transferral to the Begular Program. 

Papers at this session will be limited to ten minutes, including the showing of lantern 
slides or other illustrative material. At the discretion of the President, three minutes mav 
be allowed as the maximum discussion for each paper 

All Thoracic Surgical Forum papers will be published together in one issue of the 
TotTMiL. Maximum length 3000 words without illustrations If illustrated, an appropriate 
number of words must be subtracted for each cut used. 


Abstracts for Papers 

Abstracts foT the presentation of all papers at the 1956 meeting must be received on or 
before Dec 15, 1955, otherwise they will not be considered bv the Program Committee 

Abstracts should be labeled “For Thoracic Surgical Forum, 1 ’ or “For Begular Pro 
gram ” The abstracts should contain from 200 to 250 words and accurately reflect the con 
tents of the completed paper 

Fire, repent, five copies of each abstract must be sent to the Secretary of the Association 
Dr Paul C Samson, 3959 Happy Valiev Boad, Lafavette, California They should not be 
suit to the Editor 

Tho'e on the program aTe reminded that papers presented at the meeting must be 
handed to the secretary immediately after their presentation. If they are not ready at that 
time there is a chance that they will not be published in the Joukval of Thoracic ShbGEET 
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Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to be selected 
on a competitive basis The films themselves, together with descriptive material concerning 
length of presentation, etc, must be received by Dr Julian Johnson, University Hospital, 
3400 Spruce St, Philadelphia 4, Pa, before Dec 15, 1955 

It is planned to run the motion pictures in a smaller room at the same time as the 
scientific sessions If the films are well labeled, it mil not be necessan for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Membership in the Assocntion must lie received by the Mem 
bership Committee not later than Dec 15, 1955, otherwise, the applications will be deferred 
for consideration until the 1957 meeting 

Applicants must be sponsored bv three Active or Senior Members of the Association 
In addition to the signatures on the appbeation form, the sponsors mil forward a separate 
letter concerning the applicant directly to 

Dr 0 T Clagett 

Chairman of the Membership Committee 
Mayo Chmc 
Rochester, Minn 

Sponsors nre reminded that neiL letters of recommendation must be forwarded to the 
Membership Committee should their appbeants be held over for reconsideration a second 
year 
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PLEUROBILLARY AXD BROXCHOBILLARY FISTULAS 
Herbert D Aduis, IIJD 
Bostox, Mass 

A j\ ^ FIRST experiences with biliarr communications with the pleuial space 
1V1 or with a bronchus were associated with abdominothoracic war wounds 
Penetrating Bounds which lacerated the pleuia, lung, diaphragm, and Iner occa¬ 
sionally resulted in. direct communications between the biliarr tract and the 
pleura or a segmental brouchus Such complex wounds produced a maiked 
extravasation of bile into the pleural space, nhieli I have termed “bibthorax ” 
or the profuse expectation of bile, which I haxe teimed “biliptrsis ’ It is 
essential that both of these conditions be leoognized and understood in ordei for 
them to he tieated adequately- Bilithorax produces a rapid, piogressne and 
augeions intiapleuial pressiuc A thoiacentesis that pioduces bile should he 
followed immediately hv tioear thoiacotomv and closed mteieostal cathetei 
suction drainage If, hon ever the patient is coughing up copious amounts of 
ule it becomes even more mgent to establish adequate drainage of this same 

7* 7 ° rC ei t0 pievent a fatal ^closing bronchitis due to the action of the 
bde plus secondan infection throughout the brouchiaL svstem Large doses 
of broad cox ei age antibiotics should he staxted immediately and shifted as soon 
possible to specific antibiotics Bben antibiotic sensitivity studies have been 
mshed hiough men the mtrathoracic dynamics are fully stabilized Ind the 
iptrsis is conti oiled to a satisfactory degree prolonged catheter suction 

c M 1,e tl LBheJ C,ini - Boston Mass 

Urw ■*' U, ''" t,c Cin 1 ^ 1^" Station lor Thomcic 
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Among civilian patients, howeier, pleuiobiliaiy and bionchobilian fistulas 
are \erv rare, the\ are more insidious and moie chiomc in nature, but still 
present senous and complex suigical problems Obstruction m am of the bilian 
ducts, that is, cvstic, common, or hepatic ducts, ma\, in conjunction with calculus, 
secondary infection, 01 suigical injum, result m the establishment of a fistulous 
communication between the gall bladder 01 anj of the ducts ruth the peiihepatic 
and subdiapliragmatic spaces (Fig 1) With seeondan infection and an m 
creasing collection ot bde under piessuie m contact with the diaphiagm, erosion 
through this stnictuie finalh takes place If the pleuia is fiee, a pleurobiban 
fistula is established and a bilithoiax and empicilia lapidh develop m all of the 
unfused pleural space 



Fig 1—Sagittal section showing tho ca\ltnr> and \Isceral relationships of the communicating 
pathwa} between billar\ tract and pleural ca^ itj 

Undei these conditions the symptoms aie those of a massne and piogiessnc 
tension hvdrothorax Infected bile is obtamed on thoiacentesis, with subsequent 
rapid reaccumulation As in the war casualties, the tieatment consists of m> 
mediate closed mtercostal suction drainage and the administiation of antibiotics 
When the mtiathoracic dynamics are stabilized and the patient’s condition 
permits, the pathological condition m the bilnii tiact must be corrected 
sui gicilh 

We have had 2 cases of this Hpe lexulting m plemobilmi fistulas 
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BRONCHOB1LI VRY FISTULAS 
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C\SE REPORTS 

Case 1 —A o'UnroU unn w-v admitted to^tbe Somranl eon d. non 

draining sinus m tl.e right P° 5 -< " or ' j l0spl p.I he had undergone drainage 

nnd generalized peritonitis had dcve 1 i w ^ perforated appendix During the 

of the peritoneal cuvitv, on t te pneumonia and an empvema developed, 

immediate postoperative period ^'™-tJ drain a<re a nb vvas removed in the right 
Three weeks following the ong.nnl abdomina^djam g ^ ^ ^ hRd continued to 

posterior chest wall and an a - e» Q , dmmee although at times this dram 

drun large amounts of pns and bile since 1 ^ followed bv a more profuse spontaneous 

age decreased nnd chills, fever, and was temporarv improvement 

" ££ E ™d: d lo« in .rengfh and appeUte 





t 


Up 2—Cns. 1 The elevated right diaphragm and pleural reaction associated with plevim- 

billarv fistula arc aliovvn 

On ph\Mcal examination the patient was well de\ eloped but showed evidence of long 
standing lllne-s Examination of the che=t revealed crepitant rales at the right base pos- 
tenorlv with defimtelv diminished excursions of the diaphragm. The diaphragm was 
elevated postcnorlv to the level of the seventh nb In the right posterior axillarv line 
at the level of the eighth nb there was a draining sinus which discharged a cloudv vellow 
mntenal charactenstic of infected bile Eluoroscopv and roentgenologic examination of 
the chest showed the diaphragm considerable elevated and obscured and no motion could 
be «een (Fig 2) There vvas considerable thickening of the pleura throughout the nght 
thorax \ Graham test showed nonfilling of the gall bladder A catheter was placed in 
the sinus tract and Diodrast injected which demonstrated a sinus leading up under the 
diaphragm ending somewhere in the region of the liver Therefore it was thought that 
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perhaps the abscess had its origin mtrahepatically and subdiaphragmatiealh Since there 
was no question that a communication w as present between the biliary tract and the 
pleura, an abdominal operation was performed and, after a difficult dissection, a perforated 
gall bladder was found which communicated with the sinus in the pleural space The gall 
bladder was remoied and the common duct explored and drained Following this opera 
tion, he made a yery satisfactory recoiery and the pleurobiliary fistula nnd the residual 
empyema eavitv filled m prompth 

Case 2— The second patient was a 65 year old man who had a typical acute nttack of 
cholecystitis, with pain m the right upper abdominal quadrant with tenderness, and an 
eleiated temperature which did not subside He was operated on ns an emergency case 
and a gangrenous, ruptured gall bladder was drained Following this operation, he con 
tinued to have chills and fever Roentgenograms of the chest showed a marked elevation 
of the right diaphragm with basal pleuntis and atelectasis Bronchoscopy was negatne 
Three weeks after the original drainage, a combined bilithorax and empvema were drained, 
with the ultimate establishment of a pleurobiliarv fistula which continued to dram bile 
after all of the acute infection had subsided hen his condition permitted, another 

abdominal operation was performed The sinus tract was found to communicate with the 
pleura, the subdiaphragniatic space, and to a ruptured gall bladder, with persistence of the 
sinus due to a common duct stone This stone was removed and the patient made a satis 
factorv recoieri The pleurobiliary fistula closed spontaneous!! 



Fig 3—Sagittal section showing biliary tract communicating with posterior basal segmental 

bronchus 

Howevei, if the pletua is fused over the point of peifoiation at the time of 
rupture through the diaphragm of the bile which is undei piessuie beneath 
that structure, this infected bile will rapidly penetrate the lung and entei a 
secondary bronchus, producing a bionchobiliai} fistula and profuse biliptvsis 
(Fig 3) In this situation it is essential to establish immediate diamage of the 



VDAilS PLEUROBILIAKV A>D BRONCHOBIUARY FISTULAS 2o9 

tn prevent a fatal necrosing bronchitis and 
siiMiaptoagmatic space ^ oI ftg b „ JIlc |„,l tree with infected 

Sr’fc S5' mL bv direct drainage across the eostophremo pleural 

JL through the bed of the eleventh rib, suturing A. 

surfaces together before incising the diaphragm (Fig 4) as i ilescnoea 

"Ton snhdiaphi.gma.ic abscess • hV.th this tvpe of diamage and 

adequate chemotherapv, and when the acute bionehial leaction and 

t,on have subsided and expectoration of bile has become gieatlv ieduced the 

appropriate surgical procedure to relieve the bdiaiv obstruction which is the 



Fip 4—a Sagittal section to show approach to subdiaphragmatic abscess b> wa> of 
H) tho twelfth rib (2) the ele\enth rib and (3) the subcostal anterior approach Arrows 
represent course of drain b Detail to show method of obliterating the costophrenic pleural 
anglp b\ o\erlapplnff sutures between the parietal and diaphragmatic pleura. (From S Clin 
xorth \morlcn June 294S \\ B Saunders Companj ) 


basic cause of the fistula must he earned out In oui 2 cases, the broncho- 
lnlnrv fistulas were caused In eomutou duct stnetures I will not go into the 
discussion of the comple\ities of the i epair ot common duet stnetures in this 
l in I' el bs interesting to note that in these 2 cases ue isere not able to demon- 

Vb Cl” x?rth ° f PeiihepatiC 8nd Subdlaphragmatlc 
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strate the entile couise of the fistulous tiact by broiichogiam, eholaugiogiaui, 
or at operation Presumably as soon as external drainage has been established, 
the tract that pexsists is very small and of a eiicuitous natuie as it passes 
through and around the vanous anatomical stiuctures imolved However, m 
both instances, the bionchogram demonstiated a bronclnectatic light posterior 
basal segmental bionchus as the eommumeatmg bronchus 

In one of oui cases successful repau of the stnctuie of the common duct 
was followed In giadual diminishing of the biliptysis and In spontaneous 
elosuie of the fistula, finally In the other case, although there was much 
improvement, intermittent cough productive of bile peisisted and eventually 
a right lowei lobectomy was done with final cine of the bionchobihai v fistula 
The following lepoits are summaries of these 2 cases 



Ffp 5-Case 3 Bronchogrnm show Ing bronchlectatic posterior basal segmental broncbu 

which is the communicating - bronchus of the bronchopleural fistula 

C\SE 3—A 35 ! ear old woman had a cholecystectom) at another hospital, followed b\ 
jaundice and a stricture of the common bile duct In addition, a repair of the stricture bv a 
choledochoduodeno^tomv had been attempted elsewhere before she came to the clinic 

After admission here, the patient was carefully prepared and, at e\ploraton operation, 
was found to have a stricture involving the common duct up to the level of bifurcation of the 
hepatic ducts A repair was attempted over a T tube Approximated three weths after opera 
tion, however, the T tube liecame dislodged She was operated on again and this time a repair 
wns earned out over a bouncing cla! Y tube She made a good recover! nnd her jaundice 
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l,o-,lnUU Of P«e«mo. S ^ TllIS expec torahon became profuse and was almost 

t0C Tt UV Sh?r rendmiUid’to th, 1,capital and bronchoscoped, a broad,ogram showed n 
I’"" ttatmIr!TM ■'tgmuital bronchus but the actual tract commuiucntnigwnth 
hrondnectat c i l cd ( p lg 5) AYith bed rest and verv adequate cliemo 

the bilinrs tract could not be nsualizeu (ng 
therapv the biliptvsis gradualh diminished and finally cleared up 

Tn tins instance, the bronchobdiarv fistula healed spontaneously, the patient lias continued 
to do well and to date has had no recurrence of bilinrv obstruction or bronchobibarv fistula 



biu f —Case 4 Fronchogram showing bronchJectatfc posterior basal segmental bronchus 
uhich W the communicating bronchus of the bronchopleural fistula 

C\s, 4—A 00 1 ear old a oman gaic a histon of having had a eholecvstostomi, 
privioush, and Inter a cholecvstectomv, both done elsewhere, following which numerous att icks 
of obstructnc jaundice deieloped Finalh, during one of these spells of bilinrv obstruc 
tion, n pneumonic process of the right lung base deieloped and a bronchobiliarj fistula was 
established, with a profuse lnhptms Alter she was admitted to our care, one attempt 
was made to repair the stricture, which iniolved the bifurcation of the hepatic ducts 01 er 
a T tube, but within a few months this faded to control the stricture and biliptvsis re 
eurred >shc was readmitted nnd finalh the stricture was repaired, utilizing a bouncing 
clai V tube Following this operation, her condition improied considerablv and the 
jnundu 0 chared, but she continutd to line intermittent episodes m which biliptvsis re 
curml Rron< hoscopi ins performed nnd a bromliogrnm showed a broncliiectntic posterior 
bns-il s, gmoutnl bronchus which undoubted!, communicnted with the fistula (Fig G) 
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Therefore, in. view of the chrowcity of the problem, a right lower lobectomy was carried 
out. Recovery was uneventful and neither the biliary obstruction nor the bronehobdiarv 
fistula has recurred 


SUMMARY 

Pleurobiharv and bronchobiliarv fistulas are caused by penetrating ab 
dominothoracic nounds, obstruction of the biliary ducts, that is, the cjstic, com 
raon, or hepatic ducts, in conjunction with calculus, secondary infection, or 
stnctures due to surgical injury The acute phase must be treated promptly 
bv adequate drainage to eoireet Ae mtrathoiacic dynanucs 01 , m case of 
bronchobdiarj fistula, to prevent a serious necrotizing bronchitis and pneumonia 
Secondary operations on the biliary tiact and eten pulmonaiv lesection mav lie 
necessary to cure these serious and unusual conditions 

Discussion 

DR GUSTAF E LINDSKOG, New Haven, Conn—I enjoyed Dr Adams’ paper par 
ticularly, because in the past tear we hate seen one ense of biliary bronchial fistula The 
patient had had a cholecystectomj performed in another hospital which was folloued hi 
a long period of external bile drainage and eventual production of typical biliart sputum 
He expectorated more than 500 c c of frank biliary material in twenty four hours After 
appropriate supportn e measures, a laparotomy was performed and a verj large common 
duct stone was removed Thereafter the “bihptjsis” disappeared readilj, and in a long 
term follow up his condition remained good 

In citilian and spontaneous cases, I think the point to emphasize is that the primarr 
method of attack is laparotonn, rather than thoracotomi 

DR LEO ELOESSER, San Francisco, Calif —It is a bit shocking to hear from the 
lips of a Bostonian so bastard a term as “biliptysis,” which joins Greek and Latin in 
unholy wedlock 

One sees biliary bronchial fistulas, or did see them, m countries where abscesses of the 
liver are frequent It is characteristic of them that thei follow the midline, proceed along 
the hepatic ligament to the mediastinum and thence to the bronchi I agree with Dr 
Lmdskog that ordinanh the best wai of attack ib via the abdomen, when the abdomen 
is opened and the abscess drained, the flow of bile will cease 

DR LAURENCE H R L BEN STEIN, Chicago, El— I have enjojed this excellent 
discussion of a rare surgical problem, and I mereli wish to discuss a case m point 

The patient, a 23 i ear old man, had a fluctuant swelling m the epigastrium This 
was incised and a draining biliary fistula resulted An abdominal exploration was earned 
out to inspect the possible cause of the draining bile fistula The common bile duct was 
patent The fistulous tract led directly into the left lobe of the lner Dense adhesions 
were noted between the left lobe of liver and the left diaphragm The cause of the fistula 
was not apparent and the fistulous tract was closed. 

After closure of the tract, the patient had se\ ere episodes of coughing and he 
expectorated bile He became toxic and showed signs of pneumonitis m the lingula seg 
iuent of the left upper lobe Two episodes of massne hemoptysis led us to do a 
lmgulectomv as a lifesaving measure The bronchobilian fistula was surrounded b\ 
dense adhesions binding the lung to the diaphragm. The specimen showed bronchiectatic 
changes with hemorrhage Subsequently the abdominal fistula recurred and I am told that 
another abdominal exploration was earned out and again the cause of the fistula mu 
obscure The jejunum was anastomosed to the fistulous tract which came directly from the 
left lobe of the Ever As far as I know today, the patient has been well 
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PLEUF.OBILIAK\ VXD BROXGHOBHJARY FISTUBAS 

DR RICHARD B XOLAX, Xew York, X X I take this opportumtv to^ieport 
another case of bronchobiliarv fistula which was seen at the Tnboro Hospital x 

The patient, a 61 rear old woman, had had a choleevstectomr for chronic cholecystitis 
and cholelithiasis tirentr five rears before This was followed short r r eri ence o 
'-tractive jaundice At re exploration, a stricture of the common duct was discovered an 
re=ected and prunarv anastomosis was performed. During the ensuing twen r our t ear 
-he had occasional bouts of cholangitis without jaundice and usuallv responded prompt 
to one or two injections of DemeroL On this admission, however, she complained of a 
chronic cough of two weeks' duration, productive of copious quantities of bile stained 
sputum and presenting the signs and svmptoms of cholangitis and pneumonitis 

There were areas of pneumonitis involving the right lower lobe with a marked)' 
elevated diaphragmatic leaflet and bronchiectasis involving the nght lower lobe Pre¬ 
operative cholegrafin studies failed to outline the mtra or extrahepatic duct svstem. At 
operation a markedli dilated common duct was filled with clusters of stones of vamng 
size with no evidence of stricture A. choledochotomv was performed and cholangiograms 
at this time revealed a tremendouslv dilated common duct with excellent visualization 
of both hepatic ducts and evidence of numerous stones in each. The distended hepatic 
ducts could be followed up to the level of the diaphragmatic leaflet hut no visualization 
of fistulous communication was noted A large-sized T tube was inserted and the patient 
was discharged. 

She did well for three or four months and was then readmitted with evidence of 
secondarv obstruction above the T tube undoubtedlv due to stones Choledochodnodenos 
tomr was done at this time and a gastrointestinal senes taken postoperatn elv showed 
a rapid reflux of banum into a much smaller common duct and hepatic duct svstem 
The bronchobiliarv fistula has remained closed since the initial drainage of the common 
duct 

This ca«e is somewhat unique in that a supenor space fluid collection was net er 
demonstrated either on x rav or at exploration It should be noted that decompression 
of the common duct obstruction via the biliobronchial fistula accounted for the absence 
of cluneal jaundice A widelv patent choledochoduodenostomv has effectivelv decom 
pressed the common duct, now free of stones on x rav 

DH ROBERT B. AXDERSOX, Tulsa, Okla.—I have been particularlv interested in 
the treatment of bronchobiliarv fistulas since we are in the process of reporting a ease 
which was treated at the t allev Forge Armv Hospital last vear Since Dr J E Graham 
reported the first case of bronchobiliarv fistula, secondarv to trauma in 1S84, six cases have 
been reported in the literature, our case being the seventh Hr remarks this morning 
will be confined to bronchobiliarv fistulas due to trauma The diagnosis of such a com 
plication i» relativelv simple 'race all these patients spit up large quantities of bile in the 
sputum 

The conditions that are associated with bronchobiliarv fistulas are empvema sub 
diaphragmatic ab'ces* and liver injurv with secondarv hemorrhage from the liver Onlv 
one of these case® showed evidence of obstruction of the biliarv tree 

In the treatment of such cases due to trauma, hiliarv obstruction is not an im 
portant factor, while in the bronchobiliarv fistulas due to other causes the biliarv ob 
strachon be it partial or complete is an extremelv important factor in the cause and 
treatment of this condition The biliarv obstruction mnst be relieved if treatment is to be 
successful This „ -not true ln hronchohiarv fistula secondarv to trauma If biliarv 
obstract, on is present it is usuallv of a transient nature and is caused most commonlv 
b' bleeding into the biliarv radicals *uch a situation rarelv plavs a prominent part in a 
particular case, and decompression of the biliarv tree is rarelv necessarv V 

In * «view of these sesen cases, one case had a simple drainage of the empvema 
ca\Uv three aditionnl cases had drainage of the empvema cantv and of the 
diaphragmatic abscess one in addition to the drainage of the empvema cavitv and the 
’ r Kmnt ' C abece "' 118,1 a bronchobiliarv fibula closed pnmanlv The sixth had 
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drainage of tho empyema cavity and tlic subdiaphragrnatic abscess, together with 
exteriorization and packing of the Iner bed, the last and seienth case had drainage of 
the erapi ema ca\it\ and of the subdiaphragrnatic abscess, decompression of the biliary 
tract, and closure of a bronchopleural fistula It is interesting to note that the most lm 
portant consideration in the treatment of these cases is an adequate and dependent 
drainage of an empy ema cavity or a subdiaphragrnatic abscess, if such is present In 
onlv one case was it necessary actuaUv to close the bronchobihary fistula Packing of the 
In er was necessary in onlv one case, and decompression of the bilian tract was necessary 
in one case 

In summary, I would like to sav that most traumatic bronchobiliarv fistulas will 
respond to the simple drainage of the empyema cavitv and/or of the subdiaphragrnatic 
abscess if present Closure of the fistula, packing a seyerelj damaged lner, or biliary 
decompression is occasionally necessary A proper surgical attack in this condition is 
highly successful All se\ en patients recovered without sequelae The bronchial tree shows 
no permanent damage In those cases in which the bronchial tree was studied by means 
of bronchogram and by bronchoscopy, no permanent damage yras noted and no treatment 
was required 

In closing, I would like to say that I enjoved Dr Adams’ lnstructne and interesting 
paper very much 

DR HERBERT D ADA3IS (Closing) —I appreciate very much the comments of 
the various discussers One of the most interesting aspects of this condition is the occa 
sional chromcitv of some of these cases and the fact that they cnn go for years with 
biliptysis once the original associated acute infection is controlled I agree entirely 
that the primary approach to these is preferably bv the abdominal route to correct the 
basic biliary disease, although if there are seyere structural changes in the lungs, it will 
become necessary to do a secondary pulmonary resection I also appreciate Dr Eloesscrs 
remarks We had considerable difficulty m deciding just how to coin this word and also 
how to pronounce it 



STAPHYLOCOCCAL PNEUMONIA AND EMPYEMA IN INFANCY 
\Y E Bloomer, MD (b\ ixotatiox), S Gxuimoxa, MD (b\ ixvitatiom), 

G E Lixdskog, M D , amd R E Cooke, MD (b\ ixvitvtiov) 

New Ha vex, Coxm 

D URING tile past thiee decades there has been an increase m the lelatne 
incidence of primary staphi loeoccal pneumonia and empyema m in¬ 
fants, 0 11 21 which is apparently related to the widespread use of antibiotics 
It has become the most common txpe of empvema at this eaih age * The 
pneumonia mar take the form of a fulminating process with such overwhelming 
toviciti that the patient succumbs m a dav or two piesenting at post-mortem 
examination, lungs with areas of massive consolidation intensely hemorrhagic m 
appearance 4 More eommonlv, there is a less fulminating type of infection 
wherein multiple tiny abscesses tend to form around sroallei bronchi m the 
peripheral lung These necrotizing foci account for the high incidence of 
eurp\ ema and pneumothorax associated with this disease 

Radiographic findings max be distinctive but are not pathognomonic 
Those of most diagnostic help 5 are (1) the occuirence of spontaneous pneunio- 
thoiav, (2) pneumatoceles, (3) combinations of diffuse emphysema, rapidh 
changing paienehvmal signs and loculated empvema Films taken m the eiect 
position are especialh important to facilitate eaih recognition of a pyopneumo¬ 
thorax 5 

The diagnosis is not certain until the liemolvtic Stapln/locdccus aureus has 
liccu identified m cultures obtained fiom pleural fluid, blood, oi the lung itself 
in the hung patient 3 The presence of pathogenic staphylococci m nose and 
tluoat sccietions does not positneli establish the diagnosis, foi such organisms 
haic been found m the uasophaiuix of more than 60 pei cent of normal infants 
onh 7 dms old 22 and in about S5 pel cent ot nose and tin oat cultuies on 
loutme pediatuc admission J 

The mortaliti rate of stapln locoecal pneumonia befoie the adient of 
chemotheiapy and antibiotics was as high as 100 per cent, 0 25 and it was not 
greath ieduced aftei the adoption of the sulfonamides with oi without anti¬ 
toxin oi bacteriophage 3 0 21 The mortaliti late foi infants below the age of 
4 months was particulnih high as compared with that of oldci infants and 
children 10 

Aftei the adient of penicillin this mortality late was considerably reduced 
I’Acntualh howerei, and more and more frequently strains of staphylococci 
were encountered that were quite resistant to penicillin m the usual dosages 
These stiams were at first sensitne to streptomycin 20 hut later developed 
increasing icsistanre to a number of antibiotics Aureonncin and Teiramiem 
in com bination with penicillin were sometimes recommended' 1 

New of Purpcn nna I. nhcrsitj School of Medicine 

Surpe^Vt Mlnnilc™ 1 ! 11 yen'Jereej tl ApHl e 2 i e to°IC T l 95 a Vn,erlCan Associatlon for Thoracic 
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The importance of closed thoracotomy drainage m treatment of an asso 
ciated empyema, and particularly of pyopneumothorax, has been stressed bv 
Forbes 9 and by Blumenthal and Neuhof 3 More recently there has been a 
tendency to avoid surgical drainage and to attempt sterilization of the emprema 
canty mth systemic and intrapleural antibiotics Even so, the patients have 
not been spared the sudden development, even relativelj late in the disease, of 
a tension pneumothorax Moieovei, one authoi, Klassen, 18 found it necessan 
to advise decortication in 10 cases so tieated In his senes the average time 
from onset of symptoms to decortication opeiation was 30 dajs 

Oui experience tends to confirm pievious opinions as to the importance of 
earlv surgical drainage Staphv locoecal pneumonia and empyema still pose a 
yen serious threat to numbers of infants, and furthei clarification of the 
problems m this disease is needed 


Table I Clinical Findings on Admission in the Ten Cases First Admitted to 

New Haven Hospital 


FINDING 

1 NUMBER of cases 

Irritability 

4 

Lethargy 

2 

Grunting respirations 

5 

Cyanosis 

3 

Upper respiratory infection 

5 

Inflamed eardrum 

i 

Chest findings 

Diminished breath sounds 

5 

Dullness 

5 

R&les 

5 

Friction rub 

1 

Tubular breath sounds 

1 

Pustular skin rash 

1 

Umbilical granuloma 

1 

Soft tissue abscesses 

1 

Abdominal distention 

5 

X ray findings 

Parenchymal infiltration 

8 

Pleural effusion 

6 

Hydropneumothorax 

i 


There were admitted on the pediatnc and surgical services at the New 
Haven Hospital over the past eleven years (from March, 1944, to March, 1955) 
11 infants m whom the diagnosis of staphylococcal pneumonia has been 
definitely proved Some other cases were tentatively diagnosed, but lacked 
bacteriological verification from blood or pleural fluid The 11 infants ranged 
fiom H /2 to 16 weeks m age with an average age of 6 7 weeks Admission to 
the hospital varied from one to seven days after the onset of symptoms (One 
patient had been admitted to another hospital duung the acute phase and was 
transferred to New Haven after a month of treatment ) 

The clinical picture at the time of admission was sometimes deceptivelv 
mild The average tempeiatuie elevation was onlv 38 5° C (101 3° F) Other 
findings at this time aie listed in Table I Some infants were irutable while 
others vveie lethargic Labored respuations weie noted in one-half of the 
patients but onlv 3 of the 10 acutelv ill patients weie actualh cvanotic The 
common findings on physical examination of the chest were diminution of 
breath sounds, percussion dullness, and rales, but these weie not noted in all 
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patients Abdominal distention -eras evident m at least one-balf of the eases 
Radiographically there was evidence of parenehvmal infiltration on admission 
in S of 10 patients m an aente condition pleural efrusion in 6, and hvdro- 
pneumotborax in 1 

Positive cultures for hemolvtic Staphylococcus aureus vrere obtained from 
the pleural fluid of the 9 patients who de\ eloped an effusion The remaining 
2 patients had positive blood cultures of the same organism 

Dnig-seiisitivitr studies were carried out m 7 cases, m onlv 3 of these 
were the organisms sensitive to penicillin Prom lesults of sensitmtv tests 
as recorded in Table II it appears that eivthromvcm and Chloromvcetin were 
the drugs to which the staphvloeocci were most consistentlv sensitive 


Table IT Dfvg SESsrnvrrr of Oegaxisms* 


CASH NO 1 

BACnT.ACTN PEXICn.LTX ! 

STKEFTO 

aiycin 

j EETTHEO j 
1 MY CISC 

TETRACT- 1 
CLIVES | | 

CHLOEO- 

iiTcrnx 

1 2, and 1 
3 


(Sensitivity tests not performed m these eases) 

Sensitive to - - Sensitive to 


5 


4 E/e c. 

_ A- 


j- -a. 

0 25 mg /c c, 

+■ ■*- 


6 

- 

0 

0 



- + 

7 

- t + 

0 

J. 

-- l~ -c. 

j. 

+ 

8 

- 

0 

0 

■*- J- a- 

- 1 - + 

+ + 

9 

0 

0 

0 

— — 

0 

+ + -^ 

10 

- 

+ -»- 

-TO. i J- 


4- J- 4- -L 

+ ~ + + 

11 

- 

0 

- + 

J- -i- 

J. A- 

■*- + 


Number of plus slips Indicates degree of sensitivity Lack of sensitivity indicated b' 
tero Instances where the test ua« not performed are Indicated by a dash. 

KTerramrcIn, AureomFCln. and Achromvcln ) 

?, sett5lt lvltr tests were performed bv the test tube method. In the remaining 
L ' c raethod was used, and the size of the zone of Inhibition around the disc Is 
denoted by the number of plus sign? 

Thoracentesis was performed in all except 2 infants In 1 of these a marked 
tension pneumothorax developed before a thoracentesis had been performed 
Closed suction drainage with catheter was unmediatelv instituted as an emer- 
genci measure In the 9 cases where thoracenteses were performed thev ranged 
m number from one to twentv-three with an average of four per infant 

Closed suction drainage was emploved in S of the 11 cases It was 
instituted at anv time from the first hospital dav to the thirtv-second, In 4 
instances it was required m the treatment of pneumothorax. 3 of these with 
tens on. In 4 other cases, it was done primarilv to facilitate drainage of the 
exudate In some cases the tube was of polvethvlene inserted through a wide- 
bore needle In 1 case, this tvpe of small-bore tubing was found inadequate 
to control a tension pneumothorax and a larger catheter of rubber had to be 
mbstituted Resection of a short segment of nb under local anesthesia to 
permit the insertion of a Xo 14 or Xo 36 F rubber catheter has been well 
tolerated even in the \er\ ill infant 

Streptokinase streptodornase was used in 1 ease m an attempt to facilitate 



A 


S 



o n 

Fie 1—R. D A Left upper lobe pneumonia B Pj opneumothorat secondary to broncho 
pleural fistula C Clearing on closed suction drainage D Clearing almost complete. 

A. B 
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CASE REPORTS 

c , sf; _B 1) "> lb week old male infant, was Admitted after four Jnv. of upper 

t” it 

thorax a Polvnnvl tube was inserted and closed suction drainage was used for thirteen day 
TerramTcm was also instilled dadr through the Polvnnvl tube Chest roentgenogram Ink 
fire weeks after admission (Dec 27, 1051) showed almost complete clearing 



C D 

Fig 3 —\\ D A Pneumonia and pleural effusion on right side B Further loculatlon 
of cmpiemo. C Rib resection and closed suction drainage begun D Complete clearing 
men months later 


C\se S — y L, a lV week old female infant, wa« admitted after three days of gastro 
intestinal up«et with romitvng Examination then revealed a temperature of 30 ° c (102° F ) 
grunting respirations moist ralea over hotli the right and left lower lobes, abdominal dis 
tcatura and abscesses of the arm and leg The admission x mv (Mav 2b, 1954 ) nns ^<1 
as “bilateral pneumonitis” (Fig 2) On the fourth hospital dav the infant developed a 
spontaneous tens,on pneumothorax on the left sale (June 2, 1054) This was treated with 
polvethvlene catheter suction dramage The catheter was removed after five davs Empliwm 
atous bullae persisted as shown m a film taken eight davs later (June 10 1054 ) \ final 

film takea the months later (Xov 1 1054) showed complete clearing 


C\M- b —M D, a 2 week old male infant, was admitted after one dai of fever and 
mitabihti Examination revealed a timperature of 39 4° C (103° F ), evidence of a mild 
upinr respiraton infection, abdominal distention, and scattered pustular lesions over the 
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posterior aspect of both thighs The chest appeared clear Four days later signs of pneu 
monia appeared and a chest film obtained then (Apnl 23, 1954) revealed pneumonia and a 
pleural effusion on the right side (Fig 3) He was treated with thoracenteses and systemic 
antibiotics, including penicillin, streptomycin, and Achromycin, for n month On the thirty 
second hospital daT, closed thoracotomy suction drainage via a Ho 12 F rubber catheter was 
instituted, as seen in the x ray labeled (\Inv 19, 1954), and soon thereafter antibiotic therapy 
y\as changed, because the organism that had been sensitive to Achromycin was now more 
sensitive to Chloromycetin Irrigations of bacitracin solution were ul«o used Despite its 
local use in doses which were not e\ce«biye when calculated on a comparative weight basis 
with reference to adult doses, the patient developed albuminuria after four days This was 
a reaction observed by us in 3 other infants under similar circumstances, and we believe 
considerable caution must be exercised in its use in this age group In this cn«e, closed suction 
was discontinued after thirteen days and the tube was remoyed after two more weeks The 
extent of eventual clearing is seen in n film taken seven months later (Dec 13, 1954) 

RESULTS 

The mortality late in tins senes uas zeio The ax mage length of hospital 
ization m the 10 eases admitted directly to oui hospital yvas thirty-two davs, 
with a lange of six to fiftv-eight days Most of the patients yyeie kept on 
antibiotics for an additional one to tyyo yyeeks aftei discharge fiom the hospital 
despite the fact that they appealed to be clinically yyell None of the patients 
has lequued a subsequent decortication foi tieatment of a fibrothoiav, although 
1 patient, still under obseixation, may possibly lequne such an operation 

DISCUSSION 

From this relatiyeh small senes of bactenologically pioyed cases, ad 
tieated m the antibiotic “era ’’ seyeial features seem to be of particular nn 
portance in management Antibiotics alone oi m combination, eyen though 
based on adequate sensitixitx tests, do not lesnlt m cine m many cases 
Supplementaly suigical drainage by a closed suction system has been curatne 
in patients yvlio haye been submitted pieyiously foi days oi yyeeks to multiple 
thoiaeenteses but yvitli failuie to shoyy much cluneal nnpioyement until adequate 
catheter drainage yvas obtained Eyen after suigical drainage, antibiotic ther 
apy should be continued foi seyeial yyeeks 

Tension pneumothoiax is a complication yyhich can occur early or late eyen 
though the patient is responding yyell to antibiotic therapy, and a small bore 
polyethylene catheter may be inadequate to cope yvitli it completely Appro¬ 
priate equipment must be on hand m the patient ’s 100 m to meet tins possible 
emergency of a tension pneumothorax at all times after the infant is admitted 
to the hospital 

A feyy eases yvith lesidual ladiogiaplnc densities typical of exudate and 
thickened pleura haye m a period of one to ty\o months shoyyn remaikable 
impioyement ynthout the necessity of a decortication The lesidual pleural 
densities and emphysematous changes m this eaih age group shoyy an excep 
tional tendency for spontaneous resolution, and yre ady lse against unnecessarily 
early decortication or correctire pulmonary suigeiy 
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Treatment of Staphvlo- 
6 Cases 2 With Pnlmonarv 


DlSCISSlOX 

DB JOHX M SX1DER, Bethlehem, Pa—We have had a veritable epidemic m our 
hospital, and I would like to present «eren eases all of which occurred between Dec 1 1954 
and the middle of Feb, ]055 In this group the ages were 5 weeks m two patients /weeks 
m one 4 months in one 20 and 22 months in two, and finallr we had a 10 vear-old bov who 
fitted mto the same picture I would like to compliment Dr Bloomer and his group on 
their remarkable "nieces* in their senes, because our experience was considerable sadder Our 
fir-t three ease- were fatal All these patients had bilateral mfeefton. one with bilateral 
empicma. The white cell counts on admission were between 25,000 and 35,000, and we were 
unable to find the organisms bi nose and throat cultures The organisms were confirmed bv 
culture usuallv from thoracentesis or as m two of the first three cases b v po=f mortem. 

, n ''7 mf t0 '* ’ h ' gMv mfect10 '* process because the fifth patient m the sene* had 
the 'rr' i° r '° me Ume he suddenly developed this disorder 
1,10 pathologic findings to summarize were as follows *1, 

of them three of tin patients developed pneumatoceles, „ had empvema, of 
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fluid which accumulated made it an emergency problem Three had hrouchopleural fistula* 
iuth tension pneumothorax Of tlie three patients who died no were able to get permission 
for post mortem examination on the second and third Several of the infants were brought 
in for inyestigahon of what was anticipated to be a gastrointestinal disorder, but the pulmo¬ 
nary difficulties became eudent shortlv 

The first patient was critically ill for file dnvs with a pneumonia on the nght side 
showing a pneumatocele On the sixth dav of admission, the left chest had been checked 
by several individuals on that morning, and was clear, but about noon a left tension pneumo 
thorax snddenlv developed and despite aspiration the child died about two hours later The 
next child had bilateral bronchopneumonia involving the nglit lower and middle lobes and 
the left lower lobe There was severe pulmonary infection bilaterally, and bilateral empvemn 
The child died within tlurtv six hours after admission, and post mortem examination showed 
a bilateral confluent bronchopneumonia with multiple nbs(.ess formation, with bilateral 
empyema and turbid fluid in the pericardium These pathologic findings will he reported in 
derail bv our pathologist m the near future in our hospital bulletin The pathogenesis of the 
pneumatoceles seemed to be an ulcerative bronchitis which went on to perforation and local 
ized peribronchial abscess, and air escape by ball vnlve action to form the parenchymal air 
spaces The third child showed a small amount of fluid on the nght side by x rav, but died 
suddenly within two or three hours following x ray, while being prepared for thoracentesis 
At post mortem, almost 900 c c of empyema fluid were recovered from the nght chest, which 
sliows the rapidity of formation of and excess quantity of fluid wlueh one has to anticipate 
in these cases 

In the remaining cases, the organism was genernllv sensitive onlv to Chloromycetin, 
or briefly to erythromycin Cases 4 and 6 required emergency closed catheter drainage of 
the chest for tension pneumothorax with empyema Case 5 developed large confluent pneumnt 
oceles which eventually resolved without drainage, on Chloromycetin therapy The last case 
required both thoracotomy drainage of the empvema and secondary drainage of the infected 
pneumatocele before recovering 


DR GABRIEL SELEY, New York, N Y—I wish to thank the authors of this paper 
for again bringing to our attention this important subject This disease is thought of ns 
suppurative bronchopneumonia, as was emphasized bv Dr Neuliof years ago The micro 
organisms responsible are staphylococci or streptococci or even pneumococci Operations 
now are limited to pleural complications, whereas at one time it was necessary to operate 
for lung abscess These pleural complications are very frequent because of the nature 
of the disease There is a necrotizing process and the lesions are peripherally located m 
many instances Once the pleural complications are taken enro of, the prognosis depends 
on the underlying pulmonary disease IYe have used closed drainage very freelv without 
suction with a good sized red rubber catheter with multiple holes in the catheter The 
reason for the use of a red rubber catheter is that it can be visualized on the x rni 


If operation is decided upon it can be done under local anesthesia in the infant and, 
as a matter of fact, even under oxygen therapy 1Ye have not employed suction with this 
type of closed drainage, and the only patients who have succumbed with this method o 
treatment were those in whom resection had been performed The resection, if done at a , 
should be a limited one, combined with decortication, but any operation should be avoi e 
m addition to closed drainage, if possible Ate do not uso aspiration at all, with or without 
the use of antibiotics, because we feel that the relief is minimal and transient, it )8 pa'“ u 
for the mfant, and may actually injure the lung, and the tendency toward mediastmu 
fixation is disturbed by multiple aspirations 11 e have not found it necessary to employ 
enzymes and, as a matter of fact, we advise against it 


DR G jr BROIYNRIGG, St John’s, Newfoundland—During the past five months 
yye have encountered sixteen cases of staphylococcic pneumonia in children In all cases 
that came to autopsy or to operation, the organism was identified ns a penicillin rcsistnnt 
staphylococcus Fourteen patients ranged m age from 4 to 21 months, one yyms 0 years 
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of aw ana one a 15 Teat old bov There were sis deaths All came to antop>w and 
on post mortem examination all were found to hare in addition to the pnemnonic proc 
cinMo or mnlnnle lnnsr abscesses with bronchopleural fistulas 

SSto' ti -teen cases the diagnosis was established and ^nate trea^ 
instituted All eleven patients showed radiologic evidence of abbess ^rmation h 
developed rapidlv Seven ot the eleven patients developed bronchopleural fistula t 
empvema and tension pneumothorax. Drainaw was instituted prompt* m seven of them 
and six recovered one died and came to auto P -v Four were treated with antibiom* 
alone and remain climcallv well. All fonr to date however show residual trauslucent areas 
on x rav examination The over all mortnhtv was 31 per cent Iu eleven cases m which 
diagnosis was established ear* and vigorous treatment instituted there was one death. 

It is interesting to note in our senes that m the patients who developed fistulas an 
in whom drainage was done *ub equent x ravs did not show persistent translucent areas 
In tho-e case- which did not rupture translucent areas still remain in the x Tavs Thev 
have not been followed sufficient* long to know what is going to beeome of them. I would 
like to report that one patient in whom the organism was sensitive to ervthromvun and 
Culoromvcerm on admission had cultures taken from the draining sinus after recovers' just 


prior to discharge which showed that the organisms wctc no longer sensitive to these drugs 
From oar experience we would like to support Dr Bloomer s plea for earlv recognition 
of the-e cases for careful oh-erration to detect the onset of empvema and more particular* 
tension pneumothorax, and for prompt and efficient drainage when these complications occur 


DF E D GAGXOX Montreal Quebec—"We have had occasion over the past m 
vears to treat fortv «even infants suffering from tlus condition. Seven* per cent of these 
patients had empxema and bronchopleural fistulas and all were treated with catheter suction 
pins antibiotic therapv There were two deatlis w tin- senes and the two deaths were 
attnbuted to septicemia one with meningitis and the other with brain abscess It was 
verr wtere-hng to us to note the frequence ox loculation of the enipvemas in these infants 
and we found that in 50 per cent of the cases we had to insert a second catheter after a 
few dnr- one antenorli and one po-tenor* AYitb t in- mode' of therapv the fistulas healed 
m all case, except one that required decortication and closure of the fistula 

It was also interesting to see five cases with multiple lung abste-se- underlying the 
empvema The-e multiple lung absee-w S healed without <nrgtrv exet pt for drainage of 
the empvcmi I give tin- onlv a- added proof that catheter and suction drainage is sue 
ecssful in treatment of this i oudinon but I would strong* advise two catheter- instead of 
oni at the initial drainage one anterior and one po-teriorlv 

D1 BOXALD MUjEEK Burlington At—-In the pa-t four and a half vears we 
tune ha 1 experience with approximate* 25 cases of empeema in infants and children 
and the purpo-e of these comments i- to point out the success we ha\e had bv u=ing closed 
thoraeotomi drninace and enzvmatic debridement 


Xot all of these cases were proved to have staplivlococcus infection but m those cases 
where bacteriolocic proof was lacking the clinical course was such as to justifv this as 
a pre umpme diagno-u- Treatment con-i-ted of clo-ed thoracotomy drainage done in 
mo-t in-tance« as soon a- the presence of empiema was estaldi-hed Enzvmatic debride 
mom with A artda-e was u-ed prompth and repeatedlc in even case regardless of whether 
or net pneumothorax was present Penicillin and streptomvcm were instilled through the 
tube on alternate dais Xo difficulty was encountered in keeping the tube open Febnie 
reactions to A andase occurred but none were sufficienth severe to eau.-e alarm or deter 
c un<oquent of A 'inda^e if it was indicated 

There were no deaths Eierr pat.ent now has what appear, to he a normal chest 
x rac except for 2 who -till di-plav small pneumatoceles which are slow* disappearing In 
1,0 < a-t wn'-urgirc required ‘ h 


tl at T K1 1 11 XK1> ME u>t °’ r ' na R *' nJ ' 1 »Ae to emphasize the fact 

Cn ''° lU<1 ' ,,nv «*">■ m ca '^ tlrm tho-e of carunoma and tuberculosa 

,, * n ' cnr< n ?° in Philadelphia a \oung woman entered the Philadelphia General 

„,n, lummJnjL So™ ™ , le „ s th „“ ‘ot'o,“"S 
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tuberculosis and was treated accordingly In the case of this patient, the x rajs showed a 
very small apical scar w the right lung, nothing else was found The hemorrhage was so 
profuse that pneumothorax, was induced and the lung was completely collapsed The 
hemorrhage continued She was given blood transfusions dailv It was assumed that she 
must be bleeding from the site at which she had had tuberculosis 

Finally, in desperation, it was decided that something must be done surgical!) She 
was bronchoscoped with great trepidation b\ our lironchoscopist and it was seen that the 
blood was coming from the right bronchus It was not quite certain whether it was from 
the upper or lower lobe At the operation the lung appenred completely normal except for 
the apical scar A pneumonectomj was done, and the lung was studied closch and no 
evidence of disease could be found except for one verv small area in the lower lobe, and 
microscopic examination revealed evidence of bronchiectasis The patient recovered and 
had no further bleeding 

I think this was a very unusual case, which corroborates the essayist’s statement in 
making one realize that sometimes hemoptisis cannot be explained before operative procedure 
is earned out 

DR LEO ELOESSEE, San Francisco, Calif—In the second slide Dr Bloomer showed 
what looked like emphjsematous bullae in the lung I have seen similar annular slindows in 
metastatic staphylococcic pneumonia following staphv lococcic bacteremia and osteonnehtis 
in children Also, they seem to be not uncommon in pulmonan tuberculosis treated with 
streptomycin and Isomazid They do not persist, but disappear after a few weeks or months 
I wonder whether Dr Bloomer could offer nil explanation of these annular shadows and the 
phenomena they represent 

DR LEWIS H BOSHER, Richmond, Va — I have one case to show which is rather 
interesting from the standpoint of pneumatocele The patient w as n 2 month old Negro 
female child, who was admitted to the hospital with fever, septicemia, and metastatic 
abscesses of the lower leg 

There were large round densities in both upper lung fields The child was very sic 
at this point and was treated with penicillin and streptomvein About two weeks later lC 
density on the left side had been replaced by a very large tension cyst The density on t ic 
right persisted Treatment with antibiotics was continued and the child graduallj improve 
Approximately two months later the tension cyst on the left side still persisted, with clearing 
on the right The child was discharged from the hospital since she had no respiratory 
embarrassment, and over the period of the next two months this cyst completely disnppeam 
We have a follow up about two and a half years Inter and we believe the films are essentia 
normal 

DR GUSTAF E LINDSKOG (Closing) —I should like to thank the various discussants 
for their contributions to this presentation, and also admit the fact that many of these series 

are much larger than our own With respect to the question of getting positive cu ture , 

the answer is very simple Ve did not include in tins presentation any case in which po 
tive cultures were not obtainable So we did not have any special trick There were son 
cases in which positive cultures were not obtained, but these are not included 

We would like to offer in response to Dr Eloesser’s question this tentative explnna 1 

for the pneumatocele, there is a valving tension effect produced bv obstruction from ^ ^ 

bronchial edema and exudates, and at the same time an interference with collateral venti 8 
mechanisms in the peripheral portion of the pncumomtic lung These two factors, lironc i 
valving obstruction, and interference with collateral ventilation, set the stage for this vc 
commonly associated phenomenon 

We might summarize with re emphasis of the fact that pneumatocele and emp vse 
are common complications m this disease Thev are usuallv transient and quite reversi 
phenomena, but not nlwavs Spontaneous pneumothorax can occur at any time and w icn 
patient i“ clinicallv doing verv well, even late m convalescence 

Sound principles of surgical drainage of the empvemn, as emphasized in the pas 
senior members of this Association, are not vet outmoded They arc still verv importan > n 
the management of the staphylococcal empyema 



MANAGEMENT OF MASSIVE HEMOPTYSIS, NOT HUE TO 
PULMONARY TUBERCULOSIS OR NEOPLASM 

J L EHKENHtfT,MD axdRodmvxE Taber, MD (b\ ixyitation) 

Iowa City, low a 


H EMOPTYSIS is a symptom frequently encountered in. diseases of the car¬ 
diac and pulmonary si stems The bleeding mar be slight m amount and 
onh stain the sputum 01 expect mated purulent matenal Sudden, seieie 
hemopti sis is probably one of the most alainung things w Inch mar happen to 
a patient and occasionally during a massne hemonhage death mav lesult 
This papei mil he concerned only mth the trpe of patients who have severe 
pulmonary bleeding which if continued would constitute an immediate thieat 
to life 

In a gioup of patients under oui obseiy ation, hemoptysis frequently 
amounted to mote than 500 e c during one episode In some of the patients, 
theie was no pievious histon of pulmonary disease and the bleeding was the 
initial svmptom Death may result either by drowning m aspirated blood 
01 actually by exsangumation Me encounteied 12 such patients duung the 
last fiye yeais on the Surgical Seiyice of the State Umyeisitv of Ioyra Hos¬ 
pitals Thoracotomy and pulmonaiv lesectious y\eie performed to stop the 
bleeding fiom the pulmonary tract Actiye pulmonaiy tubeiculosis or pul- 
monan neoplasms y\oie not etiological factois in this gioup Frequently the 
etioneous diagnosis of a pulmonary neoplasm had been made prior to surgical 
(\ploiation m spite of the knowledge that hemoptysis m patients ywith n 
bronchogenic carcinoma is usually a late symptom Me obseryed severe 
hemoptysis only in patients yvith adenomas of the bionclras These patients 
usually bled oyei a longer penod of time and had othei typical findings Me 
also did not include patients yyith generalized disease yyhich might cause bleed¬ 
ing noithei did we include patients yvith puniarv cardiovascular diseases of 
congenital or acquired nntuie Rathei extensile ieyiey\s have been puh- 
lished in the recent literature quoting the incidence of hemoptysis as it has 
been obseryed m different disease entities’ ° 6 * 8 The most frequent causes 
im hemoptysis aic quoted to he bionehiectasis pulmonary abscesses and 
pulmonary tubeiculosis Acquited cardiac disease, as for instance nutial 

stenosis may he the cause of hemoptysis of model ate degree, while congenital 
i.udioyasculai lesions yeiy taielv pioduce pulmonaiv bleeding 

U1 patients were considued to be m good health pnor to the onset of the 
soyeu hemoptysis with the exception of one, Case 5 This patient gaye a his- 
1,11 1 <> f mtoimitlent soyeie pulmonary bleeding ovei the past four veais and 
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EIIBENHVFT VNDTVBEB MASSIVE HEMOPTYSIS 2 “ 

,, known to haae some loeahzed bi onehiectasis and pulmonarv emphvsema 
Four additional patients in this group had experienced at least one prenons 
^ode ofpuhnonarvhleedmg These .ere of vamng degrees of seventv As has 
been mentioned bv other authors 5 the degree of hemoptvsis bears no re 
tionship to the gravitv ox the underiving pulmonarv disease In each in¬ 
stance the underhung pnmar, cause itself was not a threat to life except 
101 the pi oduetion of the massive bleeding This can be illustrated bv the 
pathologic findings in this group of patients Bronchiectasis of mild degree 
was demonstrated in 2 patients hroneholithiasis or calcified peribronchial 
Ivmph nodes m 6 other patients No specific cause for the massive bleeding 
could he found m the remaimng 4 cases (Table It 



Kip 1 — Cis** 12 Chest roentgenogram showing aspiration pneumonitis In right loner lung 
field B'onchoscop' localized the source of bleeding in the right upper lobe 


The mam preoperatn e problem is the exact localization of the site of 
hemorrhage Oceasiouallv patients mil be able to state from which lung thev 
believe the bleeding arises This was the ease m one-half of our patients A 
' ague sensation ot discomfort or pam mav be present Splinting of the m- 
aohed side niai be noted Phvsieal findings mav be helpful but are also mis¬ 
leading due to the lmehement oi other portions of the lungs by aspirated 
blood Roentgenograms of the ehest a err fteqneutlv will help in localization 
as to vhich lung is the source of the hemorrhage but mav be misleading m 
the localization In lobes or pulmonarv segments (Fig 1 ) The visualization 
of caloifie peribronchial nodes m the (best roentgenogram appeared to us to 
be \rra smnifkant ' r Planograms and i oentgenograms m different positions 
ot station are helpful m the demons!nation of the anatomicll relationship of 
the ealcifn. nnw-. «i jn iibiomlu il nodes to the bronelual (tee (Fig 2) 
I’romhograpln mu it times bp a nimble but usualh is of limited usefulness 
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Fig- 2 —A Chest roentgenogram and B planogram demonstrating the presence of talci 
fled peribronchial lymph nodes and bronchollths The latter were not plainl> \isuallze<l 
on the posteroanterior chest roentgenogram 




y * 


Fig 3 —Cose 1 A, Chest roentgenogram demonstrating some Infiltrate In left t0|T1 ] 
field B Broncliogram demonstrating blockage of bronchus leading to the anterior pc*- 
segment which w^as the site of hemorrhage. 


dining the actne phase of bleeding 5 (Fig 3 ) It is not onlj difficult but also 
mav be misleading due to the blockage of diffeient poitions of the tracheo- 
bionchial tiee by aspnated blood Demonstration of bi onchiectatic changes 
In Lipiodol instillation dunng quiescent penods is of the gieatest inipoi 
tame* n 0 (Fig 4 ) 

In our opinion, the most laluable pioceduie 11111011 must be earned out 
in all patients 111th hemoptysis is bionchoscopj 1 5 " D This mrestigation 
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must be done din mg the time of actne bleeding The souice of bleeding may 
not be visualized dnectly but at least it mil be possible to deteinnne the lobar 
or occasionally the segmental bronchus fiom which the blood is coming Thu 
proceduie must be done with the gieatest caie Removal bv suction of all 
endobronchial clots is essential The visualization of fi esh blood coming from 
a bronchial onfice under these encumstances can then be taken as certain and 
the proper localization of the souice of hemonhage Facilities for immediate 
thoiacotomv should he aiailable at that time Reactivation of serere bleeding 
has occuned in some of oui patients necessitating emergency pulmonary re 
section as a lifesaying pioceduie A delaj in cailying out hionchoscopv until 
bleeding has stopped maj r not be possible and also is undesnable The oppor 
tumty to localize the site of hemonhage mar hare passed bv that time 

~We beliere an episode of massive hemoptjsis is a definite indication for 
exploiatoij' thoiacotomy As soon as all possible and indicated diagnostic 
pioceduies hare been completed m an attempt to localize the site of hemor 
lhage, suigieal exploration should be peifoimed 1 i 6 8 10 Lobai and, if pos 
sible, segmental localization is eeitamh desnable but exploration should not 
be withheld if the side fi oru. yy hieh the bleeding arises has been demonstrated 
Prolonged observation in hopes that a massne hemoptysis may stop usually 
leads to fmthei difficulties Frequently the patients may show some reduc 
tion of the amount of hemonhage only to lesume severe bleeding at nne\ 
pected moments Imanablv, the patients derelop extensile aspiration pneu 
momtis, atelectasis, and latei pulmonary infections This may happen m 
spite of all effoits to pieient aspnation into the opposite bionchial tiee and 
even yvith the best possible measuies to piotect the nonimohed pulmonary 
tissue Reduction of functioning lung tissue fuithei decreases the patient’s 
chances foi sm viral diuing, oi lecoyeiy aftei, surgical intenention 

Pioteetion of the contialateial bronchial tiee fiom aspnation of blood 
is most impoitant Positioning the patient to piomote adequate diamage 
may be of ralue Mild sedation to piomote lest hut not enough to ieduce the 
cough reflex is advisable Other foims of conservative tieatment, m an at 
tempt to i educe the pulmonary bleeding, aie in our opinion not indicated m 
this gioup of patients Tempoian oi permanent collapse proceduies of one 
type oi anothei may be of yalue m patients vith pulmonary tuberculosis m 
whom immediate lesection is not adnsable In the latter situation, one is 
usually dealing with pulmonary aitenal bleeding arising in paienchvmnl 
eavitaij lesions while in the group of patients undei discussion little benefit 
can he expected bv collapse therapy since the souice of bleeding is of hi on 
chial aiten oiigm' 

The opeiative management of those patients leqrmes extremely close co¬ 
operation between the anesthetist and surgeon Good anesthetic management 
duimg the suigieal pioceduie is absolutely essential Occasionally patients 
haye had to be tianspoited to the operating loom ynth a bronchoscope Inn? 
within the trachea to assuie an open am\ay Endotracheal intubation undei 
topical anesthesia should be rapidly' peifoimed in this situation picfeinbh 
while the patient is still ny\ake Occasionally, intubation of the contiolatein 
main bronchus is indicated to assme preyention of aspiration of blood into 
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thp nomiiA oh eel lung The head of the opeiatmg table should always Je 
lowered to piomote adequate diamage and to facilitate tiaeheal toi e *t e- 
quate lestoiation of blood volume bv blood tiansfusions stai e t 

operation, must be continued during the surgical procedure At the tune of 
exploration, valuation of the pulmonary lesion mav be difficult and confiis- 
ing Aspuated blood mar pioduce areas of atelectasis and obstruct! e e 
phvsema which involve pulmonaiv segments oi entire lobes Exploration 
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Up r »—Cape T A Chest roentgenogram demonstrating calcific peribronchial Ivjnph 
node in nrea ot left main bronchus. B Bronchograms demonstrating calcific peribronchial 
lymph no le protruding Into lumen of lpft main «tem bronchus 

iFio d C on foUoicmo pave ) 

the bronchial tree mar demonstrate the calcific peribionchial nodes which are 
so frequenth the cause for this tvpe of bleeding 10 To make a decision as to 
the extent of resection nceessarv hr exploration alone is often iciv difficult 
The preoperatnc bronchoscopic indication of the site of bleeding wall gne 
additional assurance to the suigeon and it will also help m the decision as to 
the extent of resection to lie earned out Lung paionehvma showing atelec- 
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tasis 01 obstiuctive emphysema due to aspiration should never be leseeted on 
the basis of these findings alone One should always be guided by the posi 
tion and i elation to bronchi of the calcific peiiln onchial nodes and the preop 
eratne localization of the bleeding Jn one of the patients, it was possible 
to enucleate a calcific peribionchial node which was embedded within the 
membranous poition of the left mam stem lnonchus without performing pul 
monary lesection (Tig 5) * In patients m \\horn areas of bionchiectasis hare 
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Fip 5C—Operati\e photograph demonstrating a calcific peribronchial node embedded in the 
membranous portion of left main stem bronchus 

been demonstrated, lesection of only the invoiced lobes or segments should 
be peiformed In the gioup of patients in whom no cause for the bleeding 
could be found at the time of thoracotomy, one has to icly entnely upon the 
preoperative localization of the site of bleeding Occasionally more extensive 
removal of pulmonary tissue than was anticipated may be required Fen 
artenal fibroses, scarring, and adheienee of calcific nodes to bronchi and pul 
monary vessels may make dissection tedious and difficult In 2 of our patients 
(Cases 3 and 5), pneumonectomy became necessary due to this type of tech 
meal difficulty 

Provided that the preoperative localization of the site of bleeding has 
been accurate and this area has been resected, the postoperative conv alescence 
should be uneventful Intensive antibiotic theiapy throughout the conv ales 
cent period has been helpful m controlling pneumonitis secondarj to aspir fl 
tion atelectasis Theie have been no significant moibidity and no mortality 
in this group of 12 patients Recent communications from each of these 
patients have indicated that there have been no further bleeding episodes 
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Tn suite of extensne dissection and pathologic imestigatioii of the ex- 
.t , tnlnaiVtiiue the exact point of bleeding and the bleeding vessel 
have nn eh been demonstiated Special examinations niclnding plastic bron- 
ehoMstulai cast injection pi eparations senal cellonlni sections and exte - 
snJ^ examination of the bumchnil nails nndei a dissecting nncioscope haie 
failed to identifv the lesion Roentgenogiams of the excised pnlnionarv tissue 
n ,av be of value in demonstiatmg occult penbionehial calcifications nlnch 
nmld not be seen on loutuie chest mentgenograms and could not be identified 
In palpation in the excised specimen (Fig 6) 
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fig f—Cas 3 A Che«t roentgenogram demonstrating aspiration pneumonitis In area 
of left low.tr lob** L Roentgenogram of excised left lung Note multiple areas of calcification 
in lung parrncbvma of superior <egment left lower lobe Partial atelectasis of left lower 
lobe nnd obstruct J\e eniplo^ema of ie f t upper Jobe 


snnuR\ 

Tlu pi obit m of the management of nnssn e life-thieatemng hemoptvsis 
due t<> imiimahanant and mmtubeieulous disease has beeu presented In om 
opinion missile hoiaoptisis constitutes an indication for thoracotomv as soon 
a louihzatnm of the bleeding site has been established. Pieopeiative diag- 
nostn profiduus tor localization of the site of hemorrhage aie described 
l.roncliosiop\ during an episode of bleeding is essential Infoimation gained 
b\ this in%estimtion mil guide the rational suigical management to a great 
extent mid pie\ent tuinecessan sacrifice of pnlmonan tissue inasmuch as 
operatne findings m thunsehes are often misleading Bronchohthiasis or 
' ,klfl( * penbromInal hmph nodes %\crc found to be one of the more fre- 
nmnt musvs of missive pulmomn hheding Resection therapi in the treat- 
muit of these patients his lesultod m i lm\ morbidita rate and no moitalita 
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Discussion 

DR RICHARD H. MEADE, Grand Rapids, Mich —I haye been interested in the re¬ 
port of the successful culture of organisms m these cases In my own experience, in the 
three hospitals m which I work in Grand Rapids, they are never able to isolate organisms, 
as in all cases antibiotics haye been used I should like to ask the essayist if he has 
any special method whereby he is able to obtain these positive cultures 

DR FELIX A HUGHES, Jr, Memphis, Tenn—A rare cause of life endangering 
hemorrhage is aspergillosis 

A 56 year old Negro had frequent se\ ere hemoptysis Chest x ray showed an air 
crescent about a density, reputed to be diagnostic of an aspergilloma Lobectomy was 
performed with a cure for eight months now A slide shows the gross lesion demonstrat 
ing a black mass of myceha in a large dilated bronchus The next slide is a low power 
photomicrograph showing extension into the smaller dilated bronchi, and the last one is 
a Gndley stain showing an Aspergillus spore head The diagnosis may be made bv the 
bacteriologist, and lobectomy is the present treatment of choice 

DR CLIFFORD P STOREY, Portsmouth, I a —I would also like to call attention 
to a rather unusual cause of fatal pulmonary hemorrhage I recently had under mv care, 
within a month’s time, two patients whose histories are so nearly identical that I think 
I can discuss them together One was a 31 year old former Wave, the mother of six young 
children, who had been apparently well until three weeks prior to admission to the hos 
pital At this time she began to have lassitude, a Ion grade fever, and repeated small 
hemoptvses The other patient was a 24 year old man and his illness also began with 
hemoptysis, which had started in small amounts three weeks before admission At the 
time of their admission to the hospital both these patients were acutely ill with high 
fever, marked dyspnea and they were raising large quantities of blood 

A chest roentgenogram showed extensile mvoliement of all lobes of both lungs with 
widespread miliary and nodular lesions, in the apex of tho right upper lobe a large rounde 
confluent lesion can be seen The nature of these lesions remained in doubt until thei 
were studied histologically after post mortem examination This particular x ray is R 10 * 
of the 31 i ear old woman The appearance of the young sailor’s x ray was exactly the 
same except that he had no confluent apical lesion 

A color photomicrograph showed the aheoli filled with blood The difference between 
this histologic section and that from a patient who died of ordinary pulmonary hemor 
rhage is that the aheolar walls are intact in the latter instance whereas in this case the 
alveolar walls were largely destroyed In two or three areas necrotizing arteritis were 
noted 

Both these patients either were exsanguinated or suffocated as a result of profuse 
pulmonary hemorrhage Each died within twenty four hours of admission to the hos 
pital The woman died while a bronchoscope was being obtained, the plan having been to 
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rt0 an emergency bronchoscopy followed bj a pulmonary resection as soon as the site of 
bleeding could be determined The second patient was taken to the bronchoscopy room 
but his hemorrhage was so profuse that it was necessary to perform an emergency tra 
cheotomy in order to cam on aspiration so that he would not drowm m his own blood 
Wo could not keep ahead of the bleeding, however, and this patient also succumbed 

A complete post mortem examination was done m each of these cases and thorough 
study of the autopsy material showed the classic findings of Wegener’s granulomatosis 
This disease is characterized bv three cardinal findings the first consists of granulomatous 
lesions which may involve any or all parts of the respiratory tract, both upper and lower, 
from the nasal mucous membranes to the alieoli and including the pharynx, larynx, 
trachea, bronchi, bronehio’es, and pulmonan parenchyma The second classic feature 
is necrotizing vasculitis involving the smaller arteries and veins m the lungs, kidneys, and 
various other parenchymatous organs The third cardinal manifestation is a necrotizing 
glomeruhtis This disease appears to be almost invariably fatal and the patients who do 
not die of hemorrhage most frequently die as the result of renal failure Wegener’s gran 
ulomatosis bears considerable resemblance to periarteritis nodosa but there are certain 
features which distinguish one from the other and most pathologists believe that they 
represent two distinct entities The cause of this disease is unknown but the prevailing 
opinion is that it is due to some type of hypersensitivity phenomenon The pulmonary 
lesions m these cases are mvanably bilateral and snTgery obviously has nothing to offer 
patients with this disorder 

DR GABRIEL SELEY, New York, N Y —I would like to ask the essayists three 
questions first, what was the extent of the resection m each of the patients m the bron 
cholitluasis group, second, did anv of these patients give a history of expectoration of 
stones and, third, have they had any experience ot success with bTonehoscopic removal 
of these stones'! 

DR HARRY R DECKER, Pittsburgh, Pa—About 20 years ago I had occasion to 
tnko care of a man 32 vears of age who had been in perfect health He was working as a 
baker and had had a fall against the sharp edge of a earner, stnkmg the right side of his 
chest He developed immediate hemoptysis and was hospitalized He continued to have 
frequent small hemorrhages Rest and sedatives did not control them, and he was not 
responding adequately to transfusions, so we planned what was thought to be a conservi 
tivo operation, a phrenic crush Just as we were about to take lum to the operating room 
ho had a massive hemorrhage of about 500 c c We proceeded with the phrenic crush 
operation I might say that efforts had been made to produce an artificial pneumothorax 
hut not too successfully, since there were adhesions at the base which prevented an 
effective collapse He got through the operation, which was a minor procedure, success 
fultv The major source of bleeding was controlled Within a vear or so he developed 
vvlmt waR apparentlv infiltration m the lower right lobe at the site of the original lesion 
Ono positive sputum for tuberculosis was obtained We felt at that time, before the davs 
of successful pulmonary resection, that a plombage operation would be of some ment in 
controlling this condition Wo did another phrenic crush operation because there was some 
movement of the diaphragm, and then inserted about 500 Gm of paraffin 

The subsequent historv is interesting Whatever lesion he hnd, whether tuberculous 
or not (but prosumablv so because there had been one positive sputum) was controlled 
no went to visit relatives in Germnuv in the vcar 1R30 and did not get out of Germanv 
nc was drafted into the German nrmv ln spite of Ins history and m spite of cjmme a 
.00 Gn, pack of paraffin He got through the war working m a labor battalion without 
nnv upset I saw him as rccentlv as tuo months ago, in good health and doing eight 
hours’ work in a Pittsburgh mill 6 g 1 


OK TOny V HIGGIASON, Portland Ore—In the past seven years we have had 
occasion to s Ce a total of m patients u„ e vplo,ned hemoptvsis , nTVln „ from " 

easpootifuk to MW end cupfuls I.ftv mne of these pat,cuts were secaf the Veteran 
Ho pitnl and 11 were pnvnte patients It ,s interesting that * J," * . ' eterfln ' 
Inpcrtcnsno vnscnlar disease bn, we did not know whether or not thTifs^L nt 



286 


THE JOURNAL OF THORACIC SUKCER\ 


There was no eiidenee of tuberculosis, neoplasm, bronchiectasis, or cardiac disease in am 
of these patients, but some did have clinical eiidence of some degree of pulmonary 
emphy sema 

All the patients were bronchoscoped Many had bronchography m addition On 
occasion, bronchoscopy is surprisinglv disappointing The patient mav be raising blood 
while topical anesthesia is induced, but upon bronchoscopv no evidence of blood can 
be found or seen e\en with coughing efforts on the part of the patient In the one case 
that came to surgery in this group of DO, the source of the continued massue bleeding 
could not be found in the removed right upper lobe ey en though blood had been seen 
pouring from the orifice immediatelv before operation The patient was apparently cured 
In the surgery We haie thought and still think that most of these otherwise unex 
plained hemorrhages are the result of rupture of small blebs or bullae not radiographicallv 
i lsible on ordinary chest x rays 

DR KARL P KLASSEN, Columbus, Ohio—Recentli 3 patients haie come under our 
observation who had massne pulmonarv hemorrhage on the basis of unilateral complete 
thrombosis of the superior and inferior pulmonarv yeins The first uns a patient with a 
mediastinal granuloma caused bv actinomx co a is He hnd extensile i eiious return from 
the lung through the bronchial and pleural veins This patient died due to massi'e blood 
loss immediatelv following a pneumonectomi The second patient had a similar condi 
tion, howe'er, the causatne agent of this lvmphndenopathi could not be demonstrated 
This woman had a pneumoneetomv and has been well since that time In the third pa 
tient, we were able to demonstrate the complete thrombosis of the right pu’nionary yeins 
hi preoperatne angiocardiography We considered performing an anastomosis between 
the left atrium and the thrombosed pulmonary yeins, howeyer, techmcallv tln« could not 
be accomplished Such procedure probably yvould reduce the y enous pressure sufficiently 
to pre'ent future hemorrhages We hope to be able to perform this procedure when such 
an opportunity presents itself in the future 

DR CLARENCE CRAFOORD, Stockholm, Sweden—In eases of the tvpo presented 
in this paper, as in all cases where there is a risk of “spilling oier” from the diseased to 
the nonaffected side, the use of a double barrelled catheter is, in our opinion, the onh 
safe means to avoid complications We consider the one constructed by Carlens to be by 
far the best If necessary, adequate ventilation and anesthesia can be provided for 
through the part of the double barrelled tube that leads to the nonaffected side, and con 
tinuous suction can be carried out on the diseased side We now u«e the Carlens tube a' 
an anesthetic tube routinely in all all cases of resection for tuberculosis and hay i bail 
y cry gratifying results in several hundred cases 

DR DAVID H WATERMAN, Knoxyille, Tenn —I wish to report another case of 
niassiy e hemorrhage occurring in a middle aged woman some 12 y ears ago She had coni 
pletely negatiy e y ray findings until we detected a small area of rib erosion laterally 
On exploration, we found osteomvelitis of the rib yvith a sharp pointed sequestrum laeer 
ating tlio lung, which caused the seyere bleeding—certainly an unusual cause of hemoptysis 

As has been pointed out, bronchoscopv should be done while the patient is bleeding 
There is a question about this in the minds of many of our bronchoscopists, who feel that 
bleeding is a contraindication to bronchoscopy Actually it is a y ery strong indication 
The risk of bronchoscopy is negligible, we haye had no deaths in sey eral hundred patients 
bronchoscoped yylule bleeding, and only tyyo deaths in our entire series of some 10,000 
bronchoscopies 

DR ALFRED GOLDMAN, Beyerh Hills, Calif—It seemed to me as I listened to 
the essayists’ excellent discussion, that the problem concerns the indications for operation 
m massiye hemoptvsis It is not onh probable that we must trv to identifv the bleeding 
source but also to consider yvhether indication for thoracotomy and possible pulmonary 
resection exists I should like to speak for a moment about the possible indications nnd 
liomndicntions for operation in broncholithiasis Me have seen probabtr 40 or 50 pntient c 
with broncholithiasis with ono or more hemorrhages Of the entire group, we hn\c 
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operated on onH 3 or 4 Some of the patents that we have been follows for man- 
year* without operative intervention have had one or more massive hemoptvses at the 
on*et The bleeding mav cease and not recnr for manv vears This cessation of ^optr 
5 ,s ,s most likelv m the great majority of patients But » a few the bleeding is alarm 
ing and persistent, these form onr operative group If the bleeding persists over seiera 
da« and does not stop with rest antibiotics and sedation, me are prone to consider erner 
trenci thoracotomv or resection even though the visible radiologic lesion is no more than 
calcification (bronchohthiasis) Emergencv thoracotomi i* also preceded bv bronchoseopic 
tracheobronchial toilet under Pentothal anesthesia mth a careful search for segmental 
lobar, stem bronchus or tracheal sites of origin of the hemopfvsis 

In one of our patients mho had an alarming continuous hemorrhage of one meet s 
duration, the right lung mas determined bv broncboscopv, to be the source of bleeding 
but the x rav films of the chest failed to disclose calcification We mere dismaved that 
careful search hv the pathologist of the entire nght lung mhich had been removed as an 
emergencv measure, did not reveal a definite bleeding point although the branchial tree 
mas clogged mith blood clot giving the same appearance as the specimen shomn bv Hr 
Taber Fortunately for us tbis voung mother recovered from her emergencv right pnen 
monectomv and has since borne tmo children without another episode of hemopfvsis 


DR G A. DODDS, Fargo X D —I arise merelv to point out that massive hemopfvsis 
mai be a manifestation of svstemic disease as exemplified bv a recent patient of mine 
n woman aged 55 mho presented mith a massive pulmonarv hemorrhage mhich mas finallv 
localized to the anterior segment of the left upper lobe Tins segment mas resected 
Frozen section* at the time showed nothing to account for the pulmonarv hemorrhage The 
final sections showed that this was periarteritis nodosa the pulmonarv hemorrhage being 
the presenting svmptom of a svstemic disease I think the point should be made that re 
section in ma"ive hemoptvsis should be of limited extent where the enn'e is not readilv 
apparent a* one mav be dealing with the manifestations of a svstemic disease and mav 
needle*sl' sacrifice lung tissue 


DR J AMES DAILEV Houston Texas —Unexplained hemoptvsis is a senous and 
disturbing condition I haic seen a number of cases m the past five or *vx vears m which 
all attempt* to find the cause of the bleeding have failed Bxonehoscopv and bronchogram 
studies mere noncontnbutorv and the onlv significant finding in all patients observed ma« 
transient or intermittent hvperteusion Dr Higgmson mentioned bvpeTtension m some of 
his case* I wonder if ani others hase considered the possibilitv of n transient hvperten 
sion cau«mg the bleeding in these case* Some patient* mill have a svstolic blood pre* 
rare of 170 or ISO and a diastolic pressure of 100 or more, then mavbe a meek or *o 
later the pressure will be normal It seems to fluctuate m association with the bleeding 
episodes The pressure in the bronchial arteries i* naturally svstemic and often broncho- 
scopic examination mill Teveal small arterioles waving around like angleworms in the 
mucosa. It is conceivable that in the presence of atheromatous change and n sudden in 
crease m pressure one of the*e coaid rupture 


DR J T EHRFXH YET (Hosing) —I should like to thank all the discussers I 
would like to point out again that the patient* presented mere those mho have had massive 
bleeding and presented true emergencies We believe that finding the site of bleeding 
at the time of exploration without haling knowledge bv preoperative localization of the 
'l o i* extreme!! diftuult We haie felt that even effort must be made to localize the 
area of hemorrhage a* pre\ lourtr outlined 

Wo haie not med the double lumen catheter mentioned bv Dr Crafoord but me have 
-ed intubation of the left or nght main bronchus as it might be indicated To answer 
./ ” VT " "<■ encountered fi patient* with broncholith.asis in this group ~ Of 

nr,""" "" 



THE SIGNIFICANCE OF THE ANTERIOR SEGMENT 
IN BRONCHIECTASIS 

Richard H Overholt, M D ,* and Wilford B Neptune, M D (b\ invitation) 

Boston, Mass 

I N THE evaluation and therapy of pulmonaij disease, the possibility of an 
abnormal antenoi segment should not escape attention In tumor, abscess, 
cvst, or other lesions yylneh altei the density of the segment, loentgenographic 
eyndenee is rarely oyei looked Hoyyeyer, m bronchial disease, ynth negatnefind 
mgs on fluoroscopy and routine chest examination, enois m dtscoyery are more 
frequent In tuberculosis, the antenoi segment is the least frequently invohed 
of the upper lobe segments In Inonehieetasis, segments in the basal or mid 
position attract attention because they aie the chief offendeis Consequently, 
most bi onchograpluc techniques are designed piimanh to fill the basilar seg 
ments, the middle lobe and lingula, yvith acceptance of an inadequate uppei lobe 
pattern This is unfortunate since oui expeilence y\ith moie than 1,450 cases 
of bronchiectasis indicates that at least 8 pel cent have disease in the antenoi 
segment In seveial patients ynth definite symptoms, this has been the only 
segment my olved 

We have long been lmpiessed y\ith a peculiarity of bronchiectasis in that 
the amount of disease as demonstiated bronchogiaphically is not always an 
index, of the sexenty of symptoms pioduced Paradoxically, rather extensile 
bronchiectasis does not necessardy pioduce symptoms, yyhile minimal changes, 
associated yvith loss of ciliaij action of the bionchial mucosa, frequently mav 
produce distiessing symptoms 1 

An explanation foi this inconsistency" is quite likely to be found in the 
relationship of the position assumed by the involy ed segment Dependency 
of the dilated bionchus has moie influence on cluneal behaxnoi than the extent 
of stractuial alteration Any abnormal segment or subsegment yvhich escapes 
detection at bionchogiaphv and at suigical exploiation may contribute to 
tieatment failure or half-cure Unless some of the instillation of contrast 
medium is done yvith the patient in the lateral lecumbcnt and pi one positions, 
the upper antenoi quadrants often aie pooily demonstiated 

A complete mapping of all segments as a preliminary step m eyuiluntmg 
any bronchiectatic patient foi suigeix is obynously important On rare occa 
sions, the anterior segment may be the only nbnoimal area (Fig 1) , honeyei, 
the most frequent finding null be middle-lobe disease in combination ynth in 
yoUement of the antenoi segment (Fig 2) In these cases, the anterior seg 
ment or, in particular, the uifenoi subsegment usually passes forward and 
doyvnyvard ynth the distal portion being m a dependent position similar to the 
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middle-lobe segments Clocks rotation ol the anterior segment following 
resection of the middle lobe, lingula or basal segments brings it into a de¬ 
pendent position Minimal, pre-existing abnormality is then likelv to become 
a process of pathologic significance Failure of adequate preoperative evalua¬ 
tion rnav denv these patients a chance for cure or it mav necessitate future 
surgery to alienate persistent svmptoms 

M'e have observed patients m whom failure to recognize disease in the 
anterior segment has resulted m persistence of svmptoms after nicomplete 
surgen Unfortunately, m the past, this has occurred among patients handled 
initially bv us as veil as others The following 2 eases illustrate some of the 
problems associated with initial oversight 

Case 1—A. M an IS rear old white woman, was first examined on Oil 1 1915 At 
tins time she complained of repeated boats of pneumonia, right chest pain hemoptvsis cough, 
and the production of purulent sputum which had been progressive for five a ears Phvsical 
examination revealed decreased excursion and coarse Tales over the nght lower lung field 
Bronchographi revealed a normal left lung and extensive saccular bronchiectasis of 
the right ba=ilar segments There were minimal changes in the middle lobe (Fig o -f) 
Surgerv was advised and bandar segmental resection of the right lower lobe was per 
formed in Xovember, 1945 At the tune of exploration, the upper and middle lobes and 
superior segment were found to be normal to inspection and palpation and tbev inflated 
and deflated evenlv and promptb Therefore, the extent of the resection was limited to 
the basal group 

Following surgen, the patient did quite well and was greatlv improied vet a shght 
productive cough persisted. Two rears later, she again developed an increase in cough 
with production of more sputum and frequent upper respiratorv infections A repeat 
lironchographr was done in 3Iav, m?, and definite bronchiectasis of the middle lobe and 
-upenor segment of the lower lobe was demonstrated (Fig 3, £) 

In lull, 1°4S the middle lobe and remaining superior segment of the lower lol>e were 
amputated bv earning the resection through the intermediate bronchus Again the patient 
ninth m excellent recovers - and was improved until Februnrv 1-54 (six rears later I when 
■•lie developed an extremelr irritating eongh which w*u intractable to nil medical therapv 

R< pcit hronchograms again revealed a normal left lung, but the anterior segment of the 
right upper lobe which was now rotated clockwise to oecupv the posterior inferior portion 
of the right heiuithorax, was the site of extensive tubular and saccular bronchiectasis 
(Fi„ 3 C> Mi learned from a renew of prenous bronchogmms that the anterior segment 
had not bei n filled at that time In April, 3P5J, the anterior segment wns resected The 
patient states that 'he i- now free of all srmptoms for the first time since the onset of her 
diffh ultv in mo 


fTS r -—'f B, i o4 vear old white woman was first seen on 3Iav 12 1-54 '-lie had i 
history of hemoptysis eongh, and the production of purulent sputum «ace 103 c In 1°45 
-he hod had a resection of the nght middle lobe and basilar segments of the nght lower 
lolie in another hospital Following surgen, cough and purulent sputum persisted There 
were occasional attacks of hemoptvsi« Br x rav the nght dmphrBgm was ten high and 
the lung field largelv obscured Eaminographv demonstrated multiple eavitarv areas in 
the mid portion of the nght lung field 4. repeat bronchogram revealed extensive 
brodrhiei ta«is of the lingula and left basal group This was es. e ntmlb the pattern of the 
’ , . on the left as found in tin 1-43 bronchogmms On the nght s [( !e there was an 

a! •net Of middle and basal H^ lt „ts w.lh marked crowding and reduction the volume 
. rth. sup. nor segment There was cavitation in the upper lobe Interpretation as U , t |, e 
■xtint or the destructive process and an appraisal 0 f functional capacitv of anv remain 
ng s.gment- on the nght w»« difluult due to the mten-e pleural reaction the d,s, ’ rt ’, 
Imnrhial jaHem and parenchvmal cavitation (Fig 4 , B and C) ’ 1 





Residual bronchiectasis Is demonstrated 1 valir 
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A renew of the bronchograms in 1945 revealed extensive bronchiectasis of the nghf 
loner lobe vwth incomplete visualization of the remaining lung fields due to the fact that the 
study was based upon spot film technique (Fig 4, A) 

In May, 1954, after nght exploratory thoracotomj and decortication, the residual superior 
segment of the lower lobe was found to be m good condition The anterior and posterior 
segments of the upper lobe, however, contained a large abscess cavity with surrounding 
induration The apical segment was emphysematous and trapped air Since there ires 
such extensive mi oil ement of the entire upper lobe, this lobe was resected The remain 
ing superior segment of the lower lobe filled the remaining thoracic space well 

The patient made an excellent recovery and is now free of symptoms (Fig 4, D ) 

TECHNIQUE 

Technically, the light oi left antenoi segment ean be removed individualh 
oi in combination with adjoining segments about as easily as any of the other 
16 segments When an antenoi segment oi a subsegment of it and the middle 
lobe aie involved (the most common combination), the minoi fissure, if present, 
is usually fused bv the lnflammatoiy piocess Both lobe and segment can be 
enucleated togethei with gieatei facility and safety than by resection of the 
middle lobe alone The same applies to mvolv ement of the lingula and the 
infeiioi subsegment of the antenor or the entire antenoi segment on the left 
side Both segments can be lemoved together with gi eater ease and safety 
than by resection of the lingula alone if both are diseased As in all types of 
pulmonaiy lesection, the entne lung should be completely mobilized This per 
nuts bettei visualization, palpation and fingei-and-thumb conti ol of the strnc 
tui es of the hilum 

The technique that we have found useful m the combined enucleation of 
the middle lobe and antenoi segment oi the luigula and antenoi segment is 
as follows 

1 The middle lobe is detached at its hilum without disturbing its anchorage 
to the upper lobe The distal cut end of the bionchus is held yvith an Allis 
forceps which is used for gentle tiaction (Fig 5) 

2 The inferioi surface of the supenoi v r em is dissected Usually, small tnbu 
tanes requue ligation (postenoi and antenor mteilobar veins) (Fig 5 
rnseit) 

3 The visceial pleura at the base of the gieat fissuie and at the apex of the 
middle lobe is divided If lymph nodes are piesent, they should be re 
moved This baies the pulmonaiy artery neai the take-off of the superior 
segment and recuirent vessels The anterior segmental arteiy is slightly 
higher and antenoi to the segmental bronchus 

4 The left hand is mseited beneath the lung to hold the middle lobe and seg 
ment The left thumb oi nght foiefingei locates the segmental bronchus 
With gentle traction on the segment and sbght pressure between finger and 
thumb, it is an easy mattei to palpate the antenor segmental bronchus 
Sharp dissection with scissors is used and a 1 cm length of it is cleared The 
bronchus is then divided The artery immediately comes into view and can 
be likewise treated (Fig 6) 

5 Attention is next giv en to the v ein Gentle traction on the divided bronchus 
and artery in a downwind and antenoi dnection will aid m finding branches 




Fig o—«*tage of dissection of anterior segmental hllum hen thi* segment and the 
middl* lobe both require rejection The structures of the middle-lobe hllum ha\e been divided 
This lob* Is left attached to th* undersurface of the anterior segment and ser\es for traction 
The pleural reflexion at the base of the great Assure is dhlded and segmental arteries and 
branch** of the anterior segment exposed The insert shows the position of «maU inter- 
lobar \tlns that are IrequentU encountered The superior pulmonarv \ein should be Identified 
# irl\ In ll««ection 



Vic ♦ — \ft r th 
fuiltiit " x\s *un of th 
,N tVk n tl in vln pulmonic irti 


anterior tegmental bronchus has been diUded 
** count'd nrtir\ Note that the stump of the 
r\ and tht poc(»-rlor iac* tiding utter 1 * 


traction upon it 
anterior bronchus 
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Fig 7—After ligation of the anterior segmental artery the superior \ein and its branches 
from the anterior segment come into better v lew 



Fig 8 —The intersegmental plane Is dissected with the finger The middle lobe 
anterior segment are held in the palm of the hand A forceps on the severed broncnu» 
used to hold the segment in approximate^ its original position If the normal relation 
between the segment to be remo\ed and the adjacent health> segment Is ma-lntaineci 
Index finger x\ Ill more easllj find the proper clea\age plane between them The ^ n ^ €r 
pushed through to the pleural surface in several directions which form tunnels between s s 
ments The pleura Is then opened where the finger tip surfaces The spaces between 
tunnels can be readlK joined bv expression between thumb and forefinger Intercommunica 
ing ■veins create slight resistance which leads to their Identification They should dc m 
virtually ligated 



OVER HOLT \ND NEPTUNE ANTERIOR SEGMENT IN BRONCHIECTASIS 29 < 

ot the superior iem which drains the anterior segment as thev are placed on 
slight tension Thev are qnieklv disposed of "We have tonnd it helpful to 
use ligatures on the -vessels on the specimen side foi traction Those on the 
-veins serve as guides to the intersegmental plane (Fig 7) 

6 The lung is inflated aud the clamp on the anterior segmental bionchus is 
held in such a manner that the anterior segment and the middle lobe (non 
attached bv onlv the intersegmental surface) assume their normal anatomical 
position The index finger of the lett hand is slipped above the bronchus and 
divided veins and gentlv pushed thiough to the visceral pleural surface (Fig 
S) The finger follows the path of least lesistance and finds the piopei 
plane This manemci is repeated two or three times m difteient dneetions 
90 that tunnels are formed in the aiea of the intersegmental plane AYitli 
thumb and forefinger the intervening parenchvmal tissue is pi essed together 


X 





< 


Sn " u tlu ^boined segments melt down to a lew thm strands of tissue, some 
m winch are intercommunicating veins These aie ligated before thev are 
torn or divided (Fig 9) 


In most instances the denuded surface ot the postenor and apical segments 
i; an omatnalh covered In the visceral surface of the expanded lower lobe 
wlu.h brings the Mseiral surface ot the majo, fissure into contact In the 
vient oi chub.wise expansion and rotation of the apical segment due to 
marked contract ion oi the anterior segment the denuded surface mar be 
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3ialf-moon 01 wedge shaped If so, the edges can be fastened together to 
give a complete visceral pleuial covering to the lemaimng two segments 
of the upper lobe 

Foi the single enucleation of the antcuoi segment, these technical 

steps aie usually followed 

1 The great fissure is developed It is not necessaiy to pay am attention to 
the minoi fissure at this point 

2 The pulmonaiy aiteiy is cleared of lymph nodes The postenor inteilobar 
'em is divided, if piesent The supenor and postenoi ascending segmental 
arteries are identified 

3 The left hand holds the middle lobe and the fingeis aie passed in fiont of 
the antenor segment The bronchus is palpated and dissected 

4 The anterior segmental aiteiy and xems aie ligated and divided Tiaction 
is made on the divided bronchus to return the segment to its noimal position 

5 After inflation of the lung, an incomplete oi absent mmoi fissme piesents no 
pioblem The dissecting finger finds the pioper plane between lobe and 
segment, then between the antenoi and the postenoi segments and, finalh, 
the plane between the antenor and apical segments is developed The single 
enucleation is then completed 


stnniARi 

1 In our expenence among those patients with bionchiectasis m "bom 
surgeiv is required for tieatment, about 8 pei cent ha\c lmolvcmcnt of the 
antenoi segment of the light or left uppei lobes 

2 While the antenor segment mm be the onh aiea imohed, the most fie 
quent finding is the combination of middle-lobe disease togethci with the antenoi 
segment Liken lse, im oh ement of the lingula and left antenoi segment is more 
common than im oh ement of the left antenoi segment alone 

3 Failuie to recognize stiuctuial change m the antenoi segment max con 
tnbute to a surgical failuie oi half-cuie 

4 Cases aie piesented to illustrate the consequences of initial oversight 
lequinng reopeiation 

5 The technique foi the leinoval of the antenoi segment alone oi togethei 
with the middle lobe or lingula is piesented 

6 The ideal bronchogiaphic examination will dcmonstiate even puhnonan 
segment It should offer scveial compaiative positions of the cntiie tboinx 
The right lung should be filled first so that an unobstnicted lateial film mav be 
taken Oblique films "ith bilateial filling should be taken without overlapping 
of the two lungs Fluoioseopv should not be used diagnostical!V but onlv as a 
guide to a complete pattern Technical and human factoids mac sometimes dem 
the ideal, but its achievement should ahvavs be attempted 

RE1FI1EXCF 

1 Chcrliolt, Richard H, Woods, Francis M, and Atvcll, Slicrmnn V Paradox of 
Bronchiectasis, T A AT A 154 193 190, 1954 



OVEHHOL.T VNl> NEPTbNE YNTERIOR SEGMENT IN BRONCHIECTASIS -JJ 

Dl^US^IOV 

DE ABTHUK AL OL^EX, Rochester, Alinn—Dr Overholt and Dr Xeptune ha\e 
brought to our attention the great importance of making complete bilateral bronchograms 
m the presence of bronchiectasis Enless the bronchi of the upper lobes are adequatelv 
tolled with contrast medium, significant bronchiectasis m the anterior segments mav be 
overlooked Recenth mv colleagues and I have completed a studv of a sene* of 221 
patients with bronchiectasis on whom surgical resection was earned out e were 
particularlv interested m analyzing our unfavorable results "We found that a number 
of our earl' patients had not had adequate preoperative bronchographv and that m several 
instances postoperative bronchograms revealed bronchiectasis in the anterior segments after 
rc-eetion of the lower portion of the lung had been done The preoperative and postopern 
tive bronchograms of one of these patients are shown on a skde 

In an analvsis of our cases, the fact becomes evident that the surgeon must remove 
all the tissues alTected bv bronchiectasis in the lung on which he operates If disease 
remains in the lingnal or middle lobe or in the anterior segments of the upper lobes, 
marked increase m bronchial dilatation can be anticipated and often the problems of 
retention of sputum will be greater than before operation For some of our earlv patients 
a «econd operation was necessarv to remove residual disease bearing tissue that had been 
left behind m the lang operated upon at the time of the initial procedure On the other 
hand we found that bronchiectasis in the contralateral lung often is well tolerated and can 
be controlled with antibiotic therapv 

The importance of complete bronchographv for patients with bronchiectasis who are 
to undergo surgical resection cannot he overemphasized Bronchographv- must be repeated 
if adequate filling is not obtained at the time of the first examination The u<e of the 
newtr water soluble bronchograpluc media has made it possible t 0 repeat bronchograms at 
relativclv short intervals 



SPONTANEOUS RUPTURE OP THE ESOPHAGUS 
With Presentation of Four New G ises 

George W B Starkey, M D (by invitation) 

Boston, Mass 

I N SPITE of the fact that this subject has been discussed many times in the 
past, the moitality late of spontaneous lupture of the esophagus is still too 
high The reasons for this continue to be the same as m the past, nanieb, 
the diagnosis is not made soon enough, and, piopei tieatment is instituted too 
late With this thought in mind, I would like to discuss the pioblem and 
buefly piesent 4 eases which weie seen within the last eighteen months 
In 1724, Boeihaave 1 diamatically lecoidecl the case of Baion tan Wasse 
naer, the Grand Admual of Holland, who died of a luptuied esophagus Since 
that account, Moymhan 2 has lepoited that some 200 cases have been pub 
lished By 1952, 134 cases weie lepoited with 27 suivivals There hate been 
many excellent accounts in the literatuie on this subject, notably those of 
Walker,’ Barrett, 4 Olsen and Clagett, 6 Eliason and Welty, 0 Kinsella, Morse 
and Heitzog," Lynch, 8 Ware and Stnedei, 0 Pimten and Gay, 10 Samson,” 
Mackler, 12 Anderson, 13 and otheis 

I agiee with Samson 11 that these 1 uptimes of the esophagus have not 
been truly “spontaneous,” le, they have not occuired without some extra 
pleuial piovocation, the pimcipal one of which has been vomiting Although 
this is not one of the common medical emergencies, it is usually catastiopluc 
unless eaily suigical mteiventiou is instituted, m which case the outcome is 
usually excellent To lose a patient with a luptuied esophagus is moie than 
likely due to an eiroi of omission lathei than of commission The coiiect 
diagnosis is usually made when the patient is in extiemis oi after he has died 
The most common mistaken diagnoses aie peifoiated peptic ulcer, acute mvo 
caicbal infarct, spontaneous pneumothorax, acute paneleatitis, dissecting 
aortic aneuiysm, and acute mesenteric thrombosis 

The onset is usually acute Chest pain is common, located pniticulnih in 
the back and is aggravated by bieathing Theie is antecedent nausea and 
lomitmg, or letching This unremitting pam often mdiates to the upper 
abdomen and shouldeis The patient usually becomes tachypnic and is in a 
state of shock The physical examination leieals an acutely ill patient often 
gioanmg in agom m spite of heavy medication He fiequently has a spastic 
uppei abdomen and evidence of fluid oi fluid and air m the left chest, oi 
occasioualh in the right As the swallowed an escapes fiom the lent in the 

Rend at the Thlrt} -fifth Annual Meeting of The American Association for Thoracic 
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SPOATAXEOCS RUPTURE OF ESOPHAGUS 

esopbaeus at begins to dissect up thiongb the mediastinum into the sub¬ 
cutaneous areas of the neck and face It the perforation extends out «*o the 
pleural space it mac cause a tension pneumothorax ivhich tmthei endangers 
the patient X-ravs of the chest frequentlv shoiv fluid levels m the mediastinum 
and a hvdropneumothorax A swallow of 10 to 20 c c of Lipiodol preceding 
the x-ravs almost mvanahlv demonstrates the esophageal leak. 

Once the diagnosis is made the opeiatnig room should he alerted In 
the preoperatn e phase sei eral important things should be done Oxvgen ant 
moderate dosages of an analgesic should he given. Anv existing hemocon- 
< entiation or othei fluid and eleetrolvte imbalance should be corrected Large 
doses of penicillin and streptomvein oi one of the lnoadei-spectium antibiotics 
should he gnen If the patient is m shock and has a hvdropneumothorax 
particulars if under tension closed thoracotomv drainage should be done 
Often relieving the pleural space of a large quantitv of highlv irritating fluid 
and air concerts a cerv precarious situation into a much more tenable one 
A thoracotnmc is done and the esophageal tear is closed with tc\o lavers of 
interrupted fine sdk sutures The pleural and mediastinal spaces are drained 
If the diagnosis is made thirtv-six to fortv-eight or moie hours after esophageal 
rupture onlc closed thoracotomv drainage is needed followed bv a feeding 
jejunostomv a dav or tv o later 

The pathologic findings aie verv similar in most cases The plemal space 
has daik brown fluid and fibriu in it and if the mediastinal pleuia has rap¬ 
tured it mac also contain a considerable quantitv of gastric contents The 
lmdmtunl pleura is frequentlc fierv red with some areas of grav or brown 
slough The esophagus has a certieal teai 2 to 5 cm m length in its lateral 
w ill just aboce the diaphragm On inspection and palpation the esophagus 
ippeirs to hace no underhung disease to account for its luptuie 

Hneflc 4 eases will be presented and discussed 

COE REPORTS 

C\SE 1 — M F a 45 tear old schoolteacher, entered the hospital at 7 00 p M , Aug 30, 
1 Q 53 cut!) the chut complaint a severe sul>~teroal and left chest pain of about 5 hours dura 
tmn whnh radiated to the bach and left shoulder Tins tvas associated with increasing 
hqini-u The- noraan had a fairlv benign past historv except for a little nausea nod slight 
heartburn two month*, before entn On «undar Aug 30, 1953 she had gone to a picnic 
at tin lie ich She had had a fatrlr heave lunch including chicken salad An hour or two 
later -lit became nauseated. she then \onuted a small amount of fluid and a little blood 
and mimediateU noticed severe bach paw radiating to the shoulders This increased 
maddi ‘die thought ‘he was having a touch of “indigestion’ and so paced bach and 
forth for a uhile with no relief «he continued to vomit and within about one hour noted 
of tho left tlie face and eielid This alarmed her and she nns driven 

hom, The pain and facial swelling increased and with this she became progressive!' 
short of breath Mie called a doctor who had her sent nnmediatelv to the ho-pitnl where 
slu armed at about 7 00 r it On the ba«is of an x no taken on admission (Fw n the 
imt'il diagno is ma* that of a ruptured bleb of the lung, poss tb l, adherent to the panetal 
pleura or mediastinal pleura causing extrai a c 3 „on of air into the mediastinum and s u) ,. 
eutan.ous ti-snes On sedation nnd oxigen the patient became uorse At 11 30 pm 
that c\onmg a thoraen <urci nn was called to «et the patient Ph\s,ral 
midnight should a cen s„ghtU cianotic woman wring w 
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subcutaneous emphysema of face, chest, arms, and upper abdomen The blood procure was 
120/GS, temperature was 102° F, pulse 120, respirations 21 The rest of the phr<icnl 
examination was not remarkable except for some spasm nnd tenderness m both np 
per quadrants, more on the left than the right The operating room was alerted to 
prepare for a thoracotomy A chest x ray was then tnken In portnble machine after the 
patient had swallowed 15 to 20 c c of Lipiodol This x rax clearly demonstrated the leal, 
in the lower end of the esophagus out into the mediastinum without spillage into the 
pleura itself (Fig 2) In the meantime 1 million 1J of penicillin, I Gm of streptomycin, 
and oxxgen were given nnd an infusion nos “darted A nhite blood count at this tunc 
shoired a marked leukopenia of 2,400 



Fie l Fig 2 

Fig 1 —Case 1 (M.F ) Admission x ray of the chest nhlcli demonstrates subcutnncoU' 
and mediastinal emphysema bilateral pleural fluid more on the left and a suggestion 
fluid and air behind the heart shadow . 

Fig £—Case I (XI F ) Posteronnterior film of the chest after a swallow ° f 
which demonstrates the dye passing out Into the mediastinum from the lower end oi 
esophagus 


Operation —At 2 00 a xi on Aug 31, 1953, about twelve hours after perforation, a left 
thoracotomy yvas done When tho pleura was opened a considerable amount of dirty brown 
fluid escaped from the pleural space There were about 1,200 e c of brown fluid ani 
fibrin Tho medial border of the loner lobe was adhereut to the lower mediastinum 
\\ hen this was dissected free, the lower mediastinal yvas found to be bulging outward hut 
its pleura x\ns still intact This mediastinum pleura yvns a gray slough extending from the 
diaphragm to the arch of the aorta This area of slough was resected. H hen the 
mediastinum nas opened a largo amount of fluid, food, and air wero liberated into the 
left pleural space Prior to this maneuver, the patient's blood pressure was about 70/ 
but within a matter of a couple of minutes the blood pressure came back to a norma 
range and remained there throughout the rest of the operation The mediastinum "fC 
ddbnded and a considerable amount of chicken salad was removed from under the arc' 
of the aorta and from other parts of the mediastinum A 3 cm longitudinal tear "» 
found in the esophagus just above the diaphragm This was anterolateral in position 
There was a small amount of fibrin overhung the muscle but the mucosa was not remark 
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aWe except for slight reddening A finger was gentlv inserted into the tear, into t e 
-tmnacb and up into the esophagus Xo foreign bodr, ulceration tnmor, or hiatus hernia 
could he palpated The entire pleural and mediastinal spaces -mere then lavaged with a 
large quantitv of saline The esophagus was closed in 3 lavers using Xo 4-0 continuous 
chromic catgut for the muco-a and Xo 3 0 chromic catgut for the musculam Two or 
three Xo 4 0 silk reinforcing sutures for the musculans were then inserted (I believe 
the u>e of a continuous suture was unwise, in spite of some respiratory chfhcoltv during t e 
ane-theMa at this time which prompted the operator to elect a more rapid closuie of the 
o-ophaeu^ 1 The plenral space was lavaged again. Two thorncotomv drainage tubes were 
inserted one sutured into tbe posterior sukus and one sutured to the diaphragm near 
the lower end of the e-ophagu' The chest was closed m the usual manner A Levin tube 
had been placed into the 'tomach at the time of operation and was removed twelve hour- 
later 

Po'toperativeli the patient’s white blood count rose to 300 on the first dav The 
drainage tubes were removed on the third da\ and 'he was allowed to he ambulant 
Vhout 1 000 c c of dark amber sterile fluid was removed from tbe ngbt chest on the first 
po-toperatu e dav On the twelfth dav a Lipiodol 'wallow showed no leak and a good 
lumen 'o «he was put on a regular diet and di'charged a dax or two later 

This patient ha' done well 'ince except for one interesting complication six week' 
after discharge She suddeulv wn' unable to swallow solids after ingesting a piece of 
rather tough roast beef. She re-entered the hospital A thin banum swallow showed an 
obstruction of the lower end of the e'ophagus The patient was therefore esophagoscoped 
and the roast beef removed. The e'ophagus appeared normal gro'slv and was dilated 
ea'ih with graded rnercun bougie- up to the lnTge~t size immediatelv after esophagoseopv 
■'lie has had no further trouble A ga'trointe'tinal «ene' 'evernl months later was normal 

Tins patient demonstrated several points 

1 The initial diagnosis was incorrect and contributed to a delar of about 
<=i\ hours m treatment 

2 Mens and svmptoms were quite classical of spontaneous rupture of the 
esophagus nameh, severe vomiting associated with chest and back pam 
subsequent subcutaneous emphvsenia and v-iav evidence of a tear m the 
low or end of the esophagus 

5 As mentioned previouslv it certainlv would have been wiser to do an 
interrupted two laver closure of the esophagus with fine silk than to use a 
continuous suture m the mucosa This ninv have accounted for the esophageal 
obstruct ion si\ weeks alter discharge 


Cist 2— F T a 0« 'ear-old factors worker was admitted to the hospital on Apnl 7 
t’ 1 14 with a chief complaint of abdominal pam and vomiting of one to two dais’ duration 
rrrwnf /tine*.—Two dai' pnor to entn the patient noted some upper abdominal 
di-comfort which he treated -i mptomaticalii He then had diarrhea and abdominal 
cramp- which continued for two dai- He was therefore admitted to the hospital 

Ht- pa't h.'ton wn- not ien remarkable except that he had had digitalis prescribed 
•' hi* own doctor mx icnr- Kfore He al*o had a questionable hi-torv of duodenal nicer 
-cioral lenrshefon entri 

In the hn-pit-il 111 appeared to be a chromoaih ill man, somewhat dehvdrated The 
, n . cW , Ho hl " 1 n auricular nhnllanon apparentli on the bans of old 

I. umaue tuandv-ea-c The abdomen wa' 'lighth d.'tended and had vigorous pen'tal" 
hen inn -light spa-m and tenderne-' in both upper quadrant' The 
-a, gn-troentent,' cpn't,enable panenatm- The davaft” entri,h“ \ Cn °” K 

t.nued and In complained of pam m the ro.d back below the left 'capula^wh” 1 h C °" 
vgraiated bi bnathmg On the foUonmg dai he had more 'pa'uf m 
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quadrants of the abdomen and a chest film at this time showed a hydropneumothorax. 
The chest was tapped and 750 c c of dark greenish fluid was removed from the left chest 
Three days later the abdomen was softer and peristalsis was more normal He took food 
poorH and continued to appear very ill The temperature still did not go above 100' T 

Seven dais after admission, a closed thorncotomv was done on the left and the 
same dark material was removed Eight daj s after admission, there was more pnemno 
thorax on the left and the vomiting persisted The patient was given a barium swallow 
which showed a leak in the lower end of the esophagus The barium passed out over the 
surface of the left diaphragm A thoracic surgeon was called at that tune and a larger 
tube was used for a closed thoracotomv drainage in the left chest The lung re-expanded 
in about two days and the closed thoracotomy drainage was converted to an open one 
as soon as the lung was stuck to the chest wall Drainage continued from this esophageal 
fistula but became less and less A jejunostomv was performed eleven days after sdmu 
sion The patient began to improi e very slowly but, about one month following ad 
mission, he sudden]} complained of pain in the abdomen, went into shock, and died in a 
matter of an hour or two 

A postmortem examination revealed a perforation of the esophagus with a left 
empyema The esophagus was not remarkable except for the perforation and there was no 
evidence of tumor, ulcer, or diaphragmatic hernia The patient also had a large posterior 
duodenal ulcer which had eroded a vessel in its base The peritoneum was filled with 
about 1% to 2 L of blood, gastric contents, and air The ulcer had perforated and massive 
bleeding occurred from the vessel in its bn°e There was also evidence of severe atherosclerotic 
coronarj arterv changes and a questionable recent myocardial infarct 

This case piesented is a more complicated problem than the first one hut 
it demonstrates several points 


1 The patient enteied the hospital with a histoiy of vomiting and in a 
short tune developed pain m the back and a left pleural effusion with a 
hydiopneumothoiav A chest tap within forty-eight horns fioni the tune of 
admission shoved daik biownish material which might have suggested the 
possibility of a lupturned esophagus with a leak into the pleural space It vas 
thought then that some an niav have enteied the pleiual space at the time 
of the thoracentesis 

2 It was not until seveial days latei that dianiage of the pleiual space 
was instituted and this was made with a small thoiacotomy dianiage tube 

3 Nine days aftei admission, an esophageal leak was demonsti ated In 
baimni swallow At that time the patient had a moie adequate drainage o 
his left pleural space For three weeks aftei drainage of the left pletim 
space and mediastinum, he was lecoveiing slowh, when he died suddenlv of a 
ruptuied and bleeding duodenal ulcei The actual time fiom possible rupture 
of the esophagus until drainage was mstituted was eight or nine davs 
Eailiei diamage might, have saved this patient’s life This, of couise, is snn 
with the advantage of hindsight in a ease that was admittedly fai less clear 
cut than the first one 


Case 3 — E S, a 52vearold Negro painter, was admitted to the hospital Aug -» 
1954, with a chief complaint of pain in the left chest of approximately six hours’ duration 
The past historj was not remarkable 

Present Illness —This patient had his usual Sundav morning breakfast after which 
he lav down on the living room floor to read the paper He was feeling perfect!' " e 
when he did this and after finishing the paper he rolled over on his back, yawned, an( 
stretched his arms and legs On doing this, he suddenlv had severe pain in the left che' 
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substemallv and under the left scapula The pam was made worse bv breathing and lie 
became cold and clammv His local doctor was called who thought that the patient had 
had a mvocardial infarction because of his sudden left chest pain, dvspnea, and tachv 
cardia He gave him % gr of morphine and sent him to the hospital He entered at 
100pm Physical examination on entrv revealed a well developed Negro man m severe pam 
The blood pressure was 105/85, pulse 120, respirations 36 There was dullness at the left 
base posteriori and splinting on that side Both the femoral and radial pulses were 
readily palpable and normal The heart was not remarkable except for a tachycardia He 
complained of severe pain m the left anterior and posterior chest increased bv respiration 
He also had some tenderness and spasm in. the epigastrium An x ra\ of the chest at 
3 00 P m on the day of admission revealed some fluid at the left base (Fig 3) The 
diaphragm seemed somewhat elevated There was no air under the diaphragm except in 
the stomach bubble An electrocardiogram suggested some myocardial ischemia and a 
tachycardia of 130 Temperature v\as 100° P He was perspiring and restless The blood 
pressure came down to 120/S0 and the pulse went up to 140 He was given 500 cc of 
plasma The initial white blood count was 13,500 and hemoglobin IS Gm LaTge doses 
of penicillin were administered At 0 00 pm, lie suddenly experienced more pam m the 
left chest and became more dvspneic At that time the blood pressure was 90/60 and the 
pulse was 100 An x rav at that time showed a tension hvdropneumothorax on the left 
(Fig 4) Because of the tension hvdropneumothorax, a left chest tap was done which 
revealed dark brownish fluid and air A trochar was introduced in the posterior axillary 
line and 2,000 c c of fluid and air were removed This relieved the patient somewhat No 
free hydrochloric acid was found in the fluid removed A thoracic surgeon was called at 
about 11 00 p M On the basis of the telephone conversation, it was thought that the patient 
Imd a ruptured esophagus He was given 20 cc of Lipiodol to swallow and an n ray was 
taken (Fig 5) This showed a lower esophageal leak into the left pleural space and also 
into nti nrea that appeared to be undeT tlie diaphragm but not m tlie gastrointestinal tract 
The patient’s pleura wus further decompressed with a large bore needle because he was 
ih veloping more air than was being evacuated bv the trochav The latter was removed and 
(lie patient was taken to the operating room 

A left thoracotomy was made about eighteen hours after perforation Two thousand 
iutuc centimeters of dutv brown fluid and old food were removed from the pleural space 
V large rent in the mediastinal pleura, 10 cm m length from the diaphragm up toward 
the aortic arch, was noted There was a considerable amount of fibrinous exudate and air 
A vertical tear was found in the esophagus 3 to 4 cm in length extending to a point rust 
helow the esophageal hiatus in the diaphragm, which may have accounted for the 
I ipiodol helow the diaphragm The mediastinum was dibnded and the chest and medi 
nstmum lavaged with largo quantities of saline The esophagus was then closed in 2 
Iniera with interrupted No 4 0 silk suture'! after palpation of the esophagus in an effort 
to determine nnv underlying pathology but none was found The pleura was drained 
with a largo thoracotomy tube One million units of penicillin and 1 Gm of strepto 
inxcin were instilled into the pleural space 

Post operatively tins patient did very yyell A Ley in tube wns used to decompress 
(he stomach for tyyche hours He wns started on clear fluids by mouth on the second 
'lay nourishing fluids on the fourth dny, niitl n soft diet on the sixth dn\ He yyns kept 
on 1 million 17 of penicillin and 2 Gm of streptomycin daily for six days He was dis 
charged from the hospital on the seventeenth postoperntne dal afcbnle and eatmc a 
^ 

T his ense demonstrates several interesting points 

1 The esophagus apparently raptured m tins pitient as he vanned and 
s e’*c s' ’ i-roem i„ s ,„ n alK , the , h " t , 

no history of nausea or vomiting immediately antedating the rapture 
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Hp }—Case T (R S) Vdmlsslon film which show* left pleural fluid and alight mediastinal shift to the right 

Fig 1—Case T (R S) X my of chest which demonstrates a left tension hydropneumothorax with more mediastinal shift to the right 

Vlg r >—Case i (R S) Left (interior oblique view of the chest after a Llplodol swallow which demonstrates a loft hy dropnouniothomx 

plus the presence of d>e above the diaphragm and questionably below the diaphragm 
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2 He presented a shocklike picture and a story faulv consistent with a 
tin ocardial infarctpvhich i\ as the initial diagnosis 

3 With the development ot the Lett pleiual fluid and, eieutuallv a lett 
tension hidiopneumothorax the piopei diagnosis was enteitamed and con- 
fit med bv a Lipiodol sn allow 

4 The esophagus was closed successfully about eighteen houis after it 
w ns ruptured 

5 He demonstiated some hemoconcentiation and as did the first patient, 
he had a much more stable and noimal blood piessme after the mediastinum 
and plema were denied of gastric contents 

Oise 4—S It, a 75 venr old retired grocer, entered tlie hospital at 9 00 P M Jan IS, 
19')5, with a chief complaint of precordial and left chest pam of about thirti sis hours 
duration 

Present Illness —This man had alwais been well but noted on the morning of the 
dai before admission a rather sudden onset of precordial pain and some dvspnea He 
norked most of that da\, ate three meals but his pain persisted and became worse It 
bothered him so much the night before admission that he was unable to sleep On the 
ilai of admission he had hi« usual breakfast of bacon and eggs toast, and coffee but 

liegnn to feel weak The pam and d'apnea continued to increase At lunch time he lost 

In* appetite and complained of some “gas " His wife gave him some baking soda which 
made lum cough and \ onut. \ lolenth Immediately after his vomiting he broke out m a 
cold '•went became \eri pale, and complained of a sudden increase in pam He also 
became weaker and more dsspneic His local doctor was called to see him and noted that 
tho pain in the precordium and left chest was radiating for the first time down the left 
arm He gn\e him an analgesic for his pam and sent him to the hospital where he was 
admitted to one of the general surgical services On the basis of Ins historv it was 

initially thought that lie had a perforated duodenal ulcer but subsequent x rnvs revealed 

medinsUnnl eniph\*enia and fluid leiels behind the heart (Fig G) Subcutaneous emphv 
«emn in the «uprncla\ icular fo"-*a was noted ou physical examination The diagnosis was 
therefore thought more likelv to be a ruptured esophagus and the patient was transferred 
to the thorauc 'er\ice three hours after admis-ion He was given oxvgen, and large 
do'ps of antibiotic* Ki* pain continued on into tbe morning and his blood pressure re 
rnameil in the range of about SO/tjO, pulse 100, respirations 46 He was sbghtlv cvsnotic, 
orthopneic, and was thought to be too ill for operation He was treated with Lee in tube 
decompression of the upper gastrointestinal tract, plus sedation A Lipiodol swallow was 
not satisfactore nnd therefore the trie department gaee the patient some thm barium 
dig 7) This demonstrated the esophageal leak and the lower mediastinal collection 
In nn\ eient, after much dela\ the patient was finnlh operated upon about twenty fire 
hours after the rupture of the esophagus had occurred 


\ lift thoracotomi was done A considerable amount of brownish red material uas 
rimotid from the left pleural space The left loner lobe was adherent to the lower 
lateral <urfi.ee of the mediastinum but a* s 00 n as the mediastinum was opened a large 
amount of fluid and old food gushed forth The patient's blood pressure, which had been 
m the range of about 70,50 rnme up to about 100/07 and remained in that range until 
nft.r the operation \ tipical tiar of the anterolateral surface of the loner end of the 
* ophtigus measuring 2 to " cm in length wn< found (Fig S) The esophagus appeared 
normal gro sh < sri r t for slight reddening of the mucosa Palpation nithin the lumen 
O Mated no .rnlinu of tumor fore.gn bods, hiatus hernia ulcer, or other abnormalities 
Th. , oplmgus uas then closed in 2 lasers with interrupted .No 4 0 «,lk c Ut ur C s The 
mediastinum uas d,hr,did and the pleural «pace nnd mediastinum Imaged with a large 
;l an ,u of -nbne \ thorneotom, dra.nage tube uas averted and the chest closed An 
leetrovardiogram n„s nia d. imm.diateh after operation b,eai.se the histors uas 
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Pip 6 



Fijf 7 

Fig G—Case 4 (SR) Admission x raj of chest shons bilateral pleural fluid A flu*' 
le\el behind the heart and mediastinal emphjsenm are demonstrated 

Fig- 7 —Case 4 (SR) Left lateral chest film made shortly after admission 
mediastinal emphjsema and a fluid le'tel In the lower mediastinum behind the heart. 
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SPOXTAXEOUS RUPTURE OF ESOPHYGUS 

Z $ * thought that he might have had a second nnoeardml infarct or pro R re^on of the 
first one Therefore he was kept on large amounts of oxigen “edation Levophc 
digitalis The pressure was mamtamed m the range of about 1«0 mm <,t ttg rrstorc > 
th e u «e of Tetophed In.t.alh he requ.red a rather rapid dnp of Levophed Tint is 



J82 


TO 
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Fig 5—Case \ (S R .1 A barium swallow demonstrates a mediastinal collection 
communication with the esophacus aboie the diaphragm The left Insert demonstrates better 
the nlr fluid let el In the mediastinum communicating with the lumen of the lower esophagus 


<pnrements for the maintenance of that blood pressure diminished Ybout eighteen 
hours after operation he began putting out urine The cnrdioia'culnr system seemed to be 
stabilizing In about the fourth po~toperatne da' In the afternoon of the fourth dm. 
In liecame rather excited and disoriented climbed out of lied, dislodged the intra'enous 
n > i die and finnlh had to be restrained and put under heat' sedation After this violent 
i xertion the blood pr< "ure fell again to hOAO and in spite of all efforts to resuscitate 
him he died on the hfth postoperative dat Yn electrocardiogram on the fourth post 
op rntne da» “howed whnt appeared to be a second mtocardial infarct 

Po>t mortem ixaminntmn rote ed a ricent thrombosis of the nght coronar' arteri 
as well a' a ricent invoenrdta! inf-rction ot three or four dats duration which lntolted 
th< right and left posterior 'intriculnr walls and posterior septum There wn= a repaired 
p< rforation of the loner end of the i sopliagus which seemed to be healing (Fig <*) The 
e iphm.ii* was otbirnise not remarkable Tin lungs shoued some e'idence of'pulraonnrr 
eont,. 'tinn and i.l.mi Th. pnstmortim nm bunted to the chest and therefore these 
«»ri tin* nnU nwuWMf* 
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This case again demonstrates the problems common to this disease 

1 The local physician vho fiist saw the patient apparently thought that 
he had a myocardial mfaict which indeed vas correct 

2 The suigical service first thought that he had a perfoiated duodena) 
ulcer but very quickly reused then opinion to the proper diagnosis, namelv, 
a ruptured esophagus In spite of this, there nas too much delay in making 
the pioper diagnosis and opeiating on this patient The reason for this 
seemed to be that even though there were fluid levels m the mediastinum 
behind the heait and evidence of mediastinal and supraclavicular emphysema 
the Lipiodol study was not satisfactoiy and the patient was given barium to 
pro\ e the esophageal leak He was also a man of 75 a ears m i erv poor condi 
tion for operation but m spite of this he should have had earlier opeiation 
There i\ as a delay of tv enty-fh e horn's from the time of rapture until closure 
of the esophageal tear a\ as made 



Fig 9—Case 4 it> \ lew oi rne operume nem w uwh the 

mucosa of the esophagus at the point of rupture The diaphragm Is retracted 
toward the patients feet for better \Isualiration 


(S R.) Men of the operuthe field which demonstrate the poutinr 


3 He also demonstrated the use m blood piessnie nftei decompression of 
the mediastinum and pleural space 


Discussion* 

The term “spontaneous” rupture of the esophagus is peihaps not a ' er ' 
accurate one Three of these 4 cases had esophageal rapture associated " 1 * 1 
severe vomiting, the fomth with yawning and stretching It would apP efir 
that a sudden uiciease m intra-alxiommal and therefoie mti agastric pressure 
v as a basic factor m 3 cases 
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Wangensteen” has suggested that esophagitis usuallv due to regurgita¬ 
tion 01 gastric contents into the loner esophagus is the important etiological 

a sent_an opinion based primanlv on experimental studies in dogs In spite 

oi this interestin'! experimental stuck it would appear that the majonta ot 
cases of “spontaneous ’ rupture of the esophagus in human beings occur m 
normal esophagi as m these 4 cases In mv experience and m a brief perusal of 
the literature it would appear that “spontaneous perforation of the esopha¬ 
gi in patients with known esophagitis is a most unusual occurrence 

The diagnosis is usnallv easv to make In not one of the 4 cases presented 
was the initial diagnosis correct Severe pam in the anterior and posterior 
chest a shoeklike picture preceded bv violent vomiting 01 effort is verv sug- 
cestne ot rupture of the esophagus The presence of supraclavicular and 
mediastinal emphvsema plus fluid 01 fluid and an m either pleural space is 
almost diagnostic A Lipiodol swallow more freqnentlv than not demonstrates 
the leak in the esophagus Fluid levels behind the heart shadow or elsewhere 
m the mediastinum ate eommonlv seen 

Treatment m the fust thirtv-six to fortv-eisht hours is surgical closure of 
the tear with interrupted fine silk sutures and adequate drainage of the 
mediastinum and pleural space The soonei the closure is earned out the 
better Mam ot these patients present a pietuie of shock and should be 
treated 101 it One of the essentials of earlv treatment should he to nd the 
pleural space of am fluid and air bv means of a closed tlioracotomv drainage 
it theie is am unaioidable delai m proper closure of the esophageal tear It 
ls quite stnkmg how well these patients tolerate surgical closure of the 
esophagus and how their shoeklike picture is reliei ed once the pleural space 
and mediastinum are rid of the highh mutating foreign matenal winch is 
"iton present and undoi considerable pressme Mnssne antibiotic therapv 
and rapid re expansion ot the lung on the affected side .are essential m a\oid- 
mg late septic complications Cases seen thirtrsix to loitv-eight 01 more 
hours after rapture should be treated bv pleural and mediastinal drainage 
In addition .a feeding jejunostoim n important lor alimentation o\er the 
prolonged period of recoierr 


srn m ik\ 

I our rases of s 0 railed “spontaneous nipt me of the esophagus aie pre- 
'•cntul In ill four patients the lmtnl diagnosis was incorrect The del.avs 
trom the time ot rupture until operation aaned irom twelve lionrs to eight 
•Ins Three eiscs were treated In pnman elosnie of the esophageal tear w ith 
two sunnals The third patient 74 reais old died on the fitth postopeiatne 
’7 01 J * Clo,ul w'ncirdnl infarct The fourth patient 60 vears old m 
whom pleural drainage was tiraituted eight dacs aitex the rapture occurred 
, tUrf,e " fcU htor tr ' n " "'^ne hemorrhage and perforation of a duodenal 

lUCOT* 
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1 *\n\ t II 
C v" i-np n 
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Discussion 

DR DEWITT C DAEGHTY, Miami, Fla —Y e have had the misfortune of seeing 
6 patients with spontaneous rupture of the esophagus, in all of whom the esophagus wn>> 
otherwise entirely normal and there was no evidence of other disease All had somited 
at the time of onset of symptoms Four of them died because the diagnosis was not made 
until forty two or more hours had elapsed. Three were thought to haie had perforated 
peptic ulcers because of the sudden onset of abdominal pain, rigidity, and shocUihe state 
Two bad the upper abdomen explored and both were noted to have air bubbles m the 
upper abdominal retroperitoneal space The true significance was not attached to this 
important finding One of them survived after the esophageal perforation was discoxere 
and sutured twenty four hours after abdominal exploration The other died sexeutx two 
hours later and twelve hours after enipvema drainage One suruved after drainage o 
a complicating empyema ten days after onset 

The diagnosis does not seem to be difficult to make if it is suspected It maT 
confused with coronary occlusion, peptic ulcer and, in 2 or 3 of our cases, it was a 
dissecting aneurysm 

Rupture of the esophagus in all our eases was at the esophagogastric junction Th 
lower mediastinal structures are bathed with gastric contents which produced a E r(,ft 
amount of necrosis and sloughing of exposed tissue 


DR WILLIAM K. SWANN, Knoxville, Tenn—We suspect 
spontaneous rupture of the esophagus are unrecognized, and that 
not uncommon medical emergency 


that many instances of 
this disease entity is a 


e have encountered 4 proved cases of spontaneous rupture of the esophagus in 
one medical commumtv, in the brief space of two vears 

AH 4 of these patients were sent to the hospital with a diagnosis of ravocfirdial 
infarction In onlt 1 instance was surgical consultation sought It was not possible to 
err in this patient’s diagnosis, inasmuch as he had agonizing, unremitting chest P aiD 
beginning after vomiting, subcutaneous emplnsema was palpable in the neck, and the 
chest i ra^ revealed a small effusion at the left base Prompt surgical treatment 
suited m uneventful recoverv 



STARKEY 


313 


'cpOhTTAJvEO'C' 1 RLTTCRE of esophagus 


The other 3 patients, and ffe emphasize these patients particularlv, were believ e ' ! 
to be differing from eoronarv occlusion a surgical consultation was not even sought, and 
the true nature of the condition was not suspected until the autopsv was performed Had 
there been no pod monem examination, death certificates in all these cases wo 
hctpil hean disease as the cau'e of death 


We too have receutlv had occasion to renew the literature relating to spontaneous 
e-ophageal rupture and we were impressed bv the fact that the better papers and reviews 
had appeared in surgical and surgical specialtv journals It would appear that their 
menage ha- failed for the mo-t part to reach the phvsieian who must mitiallv see 
evaluate and treat the patient with severe, agonizing chest pain 

I)R JOSEPH IICIDO Rt Louis, Ho—We, also think that spontaneous rupture of 
the esophagus occur- probabh more eommonlv than has been thought in the past and for 
tint reason I would like to mention 5 cases Dr James L- Mudd and I have had 4 cnse-- 
m our own pm ate practice All have occurred after severe episodes of vomiting In 3 
patient' the e-ophagus ruptured into the left pleural cavitv Exploratorr operations were 
performed on all three and the ruptures repaired. Two survived the third patient died. 
He wa- not operated on until approximatelv -even davs after the rupture had occurred 
The fourth patient was a woman who'e e-ophagus Tuptuted into the Tight pleural cavatv 
and exploration wa- not done because she was in extremis when one of n' was consulted. 
The fifth case wa- proved at autopsv This individual had an abdominal operation on the 
erroneous diagno-is of a ruptured peptic ulcer of the duodenum 


DR POL KLEP^ER Washington D C—I have had 3 cases of ruptured esophagus 
-neoe—fulh operated upon all of which were diagnosed bv a swallow of iodized oil given 
to the patient 1 \ an a'tute radiologist The'e were all brought in as patients with 
ruptured peptic ulcer 4 with negative abdominal x ravs and the radiologist gave each one 
-e\cr.d cubic centimeter- of iodized oil through an esophageal catheter If we are to 
dtagno-e this condition earlv enough for effective surgerv, we must direct our educational 
effort- to the radiologist' rather than to the general practitioners as it is a diagnosis 
which tan lie made bv the roentgenologi-t long before mediastimtis occurs 

One of the-e ca'es is noteworthv because there were ** separate ruptures of the 
e-opha„u- The [atient wa' an alcoholic who had eaten a huge Thanksgiving dinner He 
-aid that he had \omited the entire meal in one vonntmg This ca'e was diagno-ed 
-e\ eral hour- after the occurrence b\ means of iodized oil The esophagus was sutured 
and the patient did well for almut two weeks then while on a ' 0 ft diet the esophagus 
ruptured again Tt wa' resutured. At the fir-t operation the mediastinum was filled with 
turhri dre- ing and at the second operation it wa' filled with onion- At both operations 
the e'lphagu- was thought to be rather rigid and indurated and a residual stenosis was 
fiatid but the mediastinum wa' too contaminated to warrant bringing up the stomach 
and doing an elective esophagogns tro -tom\ One moDth later the esophagus again rup¬ 
tured and at that time nn e'ophagogastro-tomv was done with resection of the lower end 
of the ( ophagu- The patient is now well about three and a half months after his third 
o[eration for ruptured e'ophagu- and i- eating a regular diet without discomfort 


DR ‘s \ M\< KLER t htcago 111—It was mi good fortune to haie on our house 
-tuff -inn ne who wa- a photographic hobbu-t I took advantage of his services to 
[ holograph as a motion picture 2 pattent- w,th spontaneous rupture of the e-ophagus 
1 thought It "null la* of mtere-t to 'how part of that film and the pathologic anatomv 
it tippf'ir at thp time of operation 

Tl. approach in thi* instance m* through the lied of the re-ected eighth nb 4 
wuc at m ini of fr-e trtrapleural ga trie ju.ee ha- alread, been evacuated and here the 
; 1 '->ng ntbeted from the aorta to dt«. lose the inferior pulmonarv ligament and the 

,u,';"rj br 't mr r'T "=■“»■ .1“ ,t 

cdl non f ,n m «***'™l pl at its Ease This was creeled bv the 

ca- nc content in tl., media.,mum through which it evacuated itself into 
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the pleural space This tins previously mentioned Tho mediastinal pleura is now being 
opened to disclose the esophagus There is some digestion of the surface of the esophagi! 
as a result of the notion of the free gastnc juice Note tho longitudinal split in the 
esophagus in tho region just above the diaphragmatic hiatus The margins of the rupture 
are clean cut, as though an incision had been made The loner angle of the wound i» 
located just within the diaphragmatic hiatus itself I ou can see some of the gastnc 
contents now spilling through the rupture The site and the longitudinal nature of the 
split in the esophagus are characteristic of this condition 

HR \\ ILLIAM HEROY, Huntington, N Y—I rise to show two slides whn.li I 
think are rather helpful in making an early diagnosis The first slide is a routine client 
plato and the flat plate one gets on a patient coming in with this condition While 1011 
might suspect it, correct interpretation of this is certainly difficult The onlt reason I 
show this is thnt with a more lienuli exposed trpe of picture, leveled at the diaphragm 
(slide), it is fairlt obvious that there was a tremendous admixture of mucus and air in 
the extrapleural space which had not broken into the pleura I think if iou remember 
to take a Bucky film when y ou suspect this condition, perhaps before iou give Lipioilol, 
it might be of some help in making an early diagnosis 

HR J D FRYFOGLE, Detroit, Mich—Since spontaneous ruptures of the esophagus 
especiallx those of the nonalcoholic type, are rare, I thought I would report the progrc«‘> 
of the little girl whose ease I presented two xears ago Her esophagus perforated into 
the right chest, the cause, an obstructive web at the esophagogastric junction I opened 
the baht’s chest twelve hours after birth on a wrong diagnosis I thought I was dealing 
with a ruptured thoracic stomach With the pathologv exposed, a catheter passed through 
the nose, passed the hole m the esophagus, hit the obstruction and doubled back on itself 
to come out tho rupture site This esophagenl hole was enlarged longitiidinnili (which 
I non believe was a technical error), the obstructing web was resected, and the esophagus 
closed 

Here is a film taken when the patient was 3 tears of age The resultant stricture 
is not as gross as the film would indicate, for a No 1G dilator passes with ease I l'<" e 
had one problem with tins child for which I intend to spnnk her as soon a' she is oh' 
enough to understand From the time she could crawl she would ent paper, and while 
food passed very well, the paper wads needed endoscopic reniot al As proof of the food 
passage, here is a picture of the plump 3 tear old child taken one week ago 

DR LAURENCE H RUBENSTEEN, Chicago, Ill —Another clinical diagnostic test 
might bo mentioned, namelv, the use of the sense of smell I had an experience with a 
case where again the initial diagnosis was incorrect He was a senouslt ill 3 Gtearo< 
man with pleural effusion which was diagnosed as fulminating pneumonitis with effusion 
There was no mediastinal emphtsema Tho resident placed a needle in the chest nn< 
u ithdrew grayish b rown thick fluid which when smelled had a gastric odor The diagnosis 
was made of ruptured esophagus with gastnc contents in the left chest Surgical repair 
was sntisfactonlv earned out twenty eight hours after the initial onset of symptoms 

DR L D MAC LEAN, Minneapolis, Minn —I would like to emphasize the importance 
of tho acid peptic factor in this disease entitt It has been routinely possible to produce 
esophageal rupture in experimental animals, dogs, and rats, by ligation of the pt lotus, a 
situation which can be corrected by removal of the acid producing portion of tho stomach 
It has also been noticed climcallt that xomitiug is a very common forerunner of this 
difticultt Perhaps the cases reported bj Cushing are of this ongin Duodenal ulcer "* 
not nn uncommon finding in this disease also, whereas if one attempts to produce a legion 
in tho esophagus bt pressure means alone, it requires approximately 800 mm Hg to 
rupture the esophagus in contrast to 80 mm Hg for the stomach 

DR EMIL A NACLERIO, New York, N I —During the past eighteen months, in' 
experiences with 4 proved cases of spontaneous rupture of the esophagus has afforded me 
the opportuniti to mnke three pertinent ol>«ert ntions 
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1 Regardless of the stage of the disease in which the imtient was teen, a Lipiodol 
swallow revealed extravasation of the oil into the mediastinum or pleural ca\it\ 

This patient had a Lipiodol swallow on the tivelfth dav following e^ophagenl rupture 
| l n 2 patients both thought to have had an acute ruptured ulcer, x ravs were taken 
on admi-Mon for visualization of air under the right henndmphragm Both of the*e films 
reiealed a left sided localized mediastinal emphi'-etna taking the form of a “\ which 
I call the \ sign This \ «ign is caused ln the air which elevates the diaphragmatic and 
mediastinal pleurae, and manifests itself earh Later, pleural effusion results due to the 
reilux of gastric juice, and the V sign is no longer evident This sign should be looked 
for whenever an i rav of the upper abdomen or chest is taken for anv acute abdominal 
or thoracic emergenev 

1 The recoverv of ingested dve from the pleural cavitv bv thoracentesis is also 
diagnostic of an e-ophagenl leak This test, however, should not be relied upon for diagno 
-is since in «ome ease- it will not be recovered despite the presence of rupture of the 
t-ophagu« 

At surgerv, numerous loculations were found The pocket in the immediate rupture 
«ite contained the niethv lene blue while there was straw colored pleural effusion present 
eLewhere 

l'R GEORGE W B BT VRKEY (Closing) —It is obvious from all this discussion 

that “spontaneous ’ rupture of the esophagus is not an uncommon problem but that its 

diagno-is i- frequentlv nus-ed There are several points which have been raised on which 
I uould like to comment One of the discussers I believe mentioned using 2 to 3 c c of 
1 ipmdol via a catheter in the esophagus to demonstrate the leak I believe that 10 to 20 
c c of 1 ipmdol taken in one swallow wilt increase the chances of finding the esophageal 
rent 

The u*c of n shallow of niethv lene blue has not proved verv satisfactorv in rov 

hands I think the reason for this is that the chest fluid is usunllv a dirtv brown and 

the addition of a little niethv lene blue introduced via the esophageal route will not shift 
the spectrum of the chest fluid appreciablv 

The question of there being an underlving peptic esophagitis in these cases of 
spontaneous rupture of the esophagus has been raised Wangensteen and his group feel, 
I believe that tin- is u«uallv the case Their experimental studies in dogs certamlv 
demonstrated that the amount* of hvdrostatic pressure neeessarv to rupture the lower 
i soplmgu* wa» gTeatlv reduced in that group of dogs with peptic esophagitis However m the 
clinical case* ln«ed on hisforv, esoplmgo-copv, bnnuni swallow, operation observation, 
and post mortem material, the presence of a coexisting esophagitis seems quite rare 
I would like to tlnnk all the disiussnnts of this paper 



ONE-STAGE PHARYNGO-ESOPHAGEAL DIYERTICULECTCDPl 

JD Mortensex, MD (b\ invitation),* 0 Theron Clagett, HID 
Herbert W Schaudt, M D ,*** aad Howard K Grax, M D ** 
Rochester, Mixx 

A lthough smgical excision has been accepted, tieatraent for most 
pharyngo esophageal di\eiticnla, foi more than 40 years surgeons ha\e 
debated the relative inents and demerits of the one-stage veisns the two stage 
operation foi this lesion 1 2 At piesent theie is no unanimity of opinion as 
to the piocedme of choice The most lecent and authontatn e reports are 
those of Lahev, 3 and Lahej and Wanen, 4 who stiongly defended the two 
stage opeiation and challenged adiocates of the one-stage procedure to 
demonstrate compaiable results Host suigeons today apparently faun the 
one-stage opeiation even though there has been no lepoit in medical literature 
desenbing a compaiable senes of patients who undeivent the one stage opera 
tion with moitahtv, morbidity, and cuie lates equivalent to the most commend 
able results achieved by Lahev using the two-stage opeiation 

METHODS OF STUD\ 

We have lenewed all eases in which one-stage pharyngoesophageal 
divertieuleetomj was pel formed at the Mayo Clinic dunng the ten-iear peiiod 
Jan 1, 1944, thiough Dec 31, 1953 Onr series consists of 339 such cases 
During this period theie weie no instances in which two stage diterticulectonn 
was done We hate renewed the Clinic and Hospital lecoids with particular 
attention to the preoperatne clinical findmgs and piepaiation foi operation, 
operative findings, and technique of operation, postopei ative management and 
course, duiation of stay m the hospital, and duration of postopei atne obsena 
tion before the patient was dismissed from medical caie 

FINDINGS 

Mortality —Thiee of the 339 patients died during hospitalization, gnuig a 
hospital moitality late of 0 9 per cent One patient had aspnated reguigitated 
diterticular contents pieopeiatneh which had produced aspiration pneu 
monitis He w as operated on as a sennemei gency because the large pharyngo 
esophageal dneiticulum was completely obstiucting the esophagus He died 
of pneumonia on the fourth postoperative day The second death occurred 
suddenly from massne pulmonary embolism, the patient had otheiwuse ex 

Read at the Thirty-fifth annual meeting of The American Association for Thoracic 
Surgery at Atlantic Cit\ New Jersey April 24 to 26 1955 
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penenced a normal postoperativ e course The third death occuned eighthoms 
postoperativ elv from sudden massive hemorrhage fiom the superior thMO 

aTte Early Postopcralnc Complications —Postoperative drainage of salivarv 
juice with or without food through the diained operative incision occurred m 
11 patients (3 2 per cent) These temporalv pharvngo-esophageal-cutaneous 
fistulas all closed spontaneouslv during the immediate postoperative hospitaliza¬ 
tion None were permanent and none required further surgical intervention 
Thus persistent pharvngo-esophageal-cutaneous fistula did not occuv in am of 
the 333 patients 

Frank infection characterized bi fever and purulent diamage, developed 
in 6 patients (18 per cent) In 3 of these the infection was classified as 
suppurating mediastuntis while in the other 3 it was considered a simple wound 
infection In all 6 patients the site of infection had been adequatelv diamed 
hv Penrose rubber drains mseited at the tune of operation These drains w ere 
left in place until evidence of infection hod subsided and no fmthei treat¬ 
ment other than svstenue administration of antibiotics was required In all 
eases the infection subsided without additional complications and a satis- 
faetorv result was obtained m each case 

Four patients (12 per cent) sustained unilateral vocal cord pmalvsis 
cvidentlv from tiauma to a recuirent lnivngeal lieive In 3 patients the 
paralvsis was permanent and in one it disappeaied spontaneouslv after seven 
months None of these 4 patients lequirecl treatment for the vocal cord 
paralvsis 

Morbidity —The average period of hospitalization foi all patients in this 
sines was 91 davs ilam weie dismissed fiom the hospital on the fouith 
postoperatne dm The longest period of hospitalization thntr-tivo dais 
was that of a patient who had postoperative salnarv drainage from the opeia- 
tne site for eighteen dais and who then undeiwent inguinal henuonhapbv 
while he was still m the hospital The aietage period of observation or meck- 
nl supervision after the patient left the hospital was 4 5 davs Thus for the 
entire group of patients the average time between opeiation and complete 
dismissal from medical care w as 13 6 dais In recent vears this time has been 
decreased eonsidernblv Of 72 patients operated on m the last three vears 
levered In the studv the aveiage penod of hospitalization was 6 4 davs and 
the average period of observation after dismissal from the hospital was 17 
dais Thus at present the average patient undergoing one stage pharvngo- 
i soplnge il dn ertieulectomv is complete!! dismissed from medical care and 
permitted to return to his home appi o\innateh a week after operation 

lair Itciulic— In the present studv we have not endeavored to investigate 
u curat el v the lone term definitive results () f one stage pharmgo esophageal 
onertirnleetoinv It is not the pmpose of {his report to claim that the end 
results follow me the one st ,g, operation are appreciably superior to those 
follow me the two slam -per .turn For olmous reasons ,t is difficult if not 
impossible to auumulate data which could he used sahstactonh for making 
such a comparison However it s ( ,ms reasonable to assume that when it - 
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possible to complete a pioceduie m a suigical field that is deioid of walked 
inflammatory reaction, there is increased likelihood that a satisfactorj result 
will be obtamed 

Although all the patients in onr series weie opeiated on one or more 
years before the study was made, we have acceptable followup information 
on only 154 of them One hundied forty-six of these patients (94 8 per cent) 
were found to be completely asymptomatic so far as the esophagus was eon 
cemed The 8 patients 11110 had symptoms aftei one-stage phaivngo-esophag 
eal diverticulectomy included 3 patients with symptomatic recurrence of 
the diveiticulum, 2 with postopeiative consti ictions at the operative site 2 
■with unexplained dysphagia (both appealed 1101 mal 1 oentgenologically and 
esophagoseopically), and 1 with peisistent hoaiseness due to unilateral local 
coid paralysis The 3 patients with symptomatic lecurrence and the 2 
patients with postoperatne consti iction were all successfully treated bv per 
oi ad esophageal dilations 


TECHNICAL CONSIDERATIONS 

Since the operations m our series hare been done by seien different 
suigeons, the technical details of operation and of pieopeiatne and post 
operative management have vaned consideiably Most (85 pei cent) of the 
patients underwent preopeiatne peroral esophageal dilation over a pievioush 
swallowed thread, although cuirently this pioceduie is being done less fre¬ 
quently Ninety-foui pei cent of the opeiations were done undei cervical 
block type of regional anesthesia At piesent, the use of geneial anesthesia 
with tracheal intubation seems to be increasing m favoi 

All diverticula m the midline oi piojecting to the left were approached 
through a left cervical incision, while those projecting to the right (79 cases 
or 23 per cent) were approached from the light side An adequate longitudinal 
incision along the anterior boidei of the sternocleidomastoid muscle nas 
utilized routmely After the diverticulum had been exposed, it was mobilized 
and its neck dissected free When the point of exit of the dn erticulum through 
the muscle fibers composing the vail of the phaiynx and esophagus w ns 
accurately identified, the dneiticulum was amputated at this point 

Methods of closure of the defect in the wall of the phaiynx and esophagus 
ha\ e varied One of thiee pioceduies has been used most commonly W 
multiple transfixion ligation with chiomic catgut and invagination of the 
stump, (2) the placing of inteirupted fine silk sutuies m the mucosa m such a 
mannei that the knots will be on the inside, with a second 1 on of fine silk or 
catgut sutuies in the muscle layei, and (3) the placing of continuous fine 
catgut sutuies m the mucosa with a second iow of eithei silk 01 catgut m the 
niusculaiis Some suigeons prefer a specially designed cuned clamp to hold 
the neck of the sac while others do not use the clamp We could not demon 
strate significant diffeiences in insults achieved with these i minus methods 
of closui e 

T11 all cases, the opeiative site was chained In leniing one 01 two small 
rubber Peniose chains in the wound If two diams wcie used, one was 



MORTtNSEN ET AL OXE-STVMS BlVERTXCCEECTOm 


319 


directed d»™ m.o the metastunm c.hde the end of the 
dose proxinutv to the suture line m the esophageal wall A gauze pack 
1 in ^3 cases Po per cent) m the earlv part of the period eoveiet 

ST,rS LX f ; ttenee Jth eeineh the pact. eras used decreased 
Irledh ,n later rears In abort, trcod herds, * the eases 
antibiotic or ehemothernpetitie agent teas instilled into the 
r “closed bn. this too, is rarelr done norv All patients rontaelv re_ 
tened antibiotics svstemicalh for the first feu davs postoperativelv A 
Lcvm tube was used postoperativelv in onh 9 eases (_ ' P er c ) 
entire sei les Ingestion of food and fluids u as not permitted m the immediate 
postoperative period dnrmg ivhich the patient was maintained on in ra- 
iciiousli administered fluids The dmation of this postoperative fast w as 
nsualii fortv-eight to se\ entv-tw o hours although it mas extended if t eie 
was increased drainage from the wound when sips of watei mere taken oiailv 
The patients mere permitted to get out of bed on the dav following opeiation 
and were ambulatorv thereafter Liquid diet was continued for twentv-foui 
to fortv eight hours following which a mechaiucallv soft diet mas pi escribed 
for two oi three weeks The diet was not restricted bevond this time 


COMMENT 

We fulls appreciate the excellent results achiesed bv Lahev using the 
two stage opeiation foi excision of pharvngo esophageal diverticulum How- 
e\ er since equalls good immediate results follow the use of the one-stage 
procedure (Table I) we believe the one-stage pharvngo esophageal diverticu- 


Tvwr I Comfatison of Resetts of the One Stage Operation With Sestets of the Two 
Staff. Operation ror Evcision of PRArvxro-rsoPHAGEA.u Prm”ncxRtrw 

I 

oxe <vt\ce 

OPERATION j 

TWO STN.GR OPERATION: 

(IAKEY ) 

1 

CVSES 

] PET TENT 

CASES 1 PEP CENT 

l tM*' r. porUtl 

no 

100 

365 100 

Opomtn* (lw>*pitM) dpnth* 

1 

0 o 

2 06 

rottoprratirr complication* 

V>n\itn^p of qlivi fofxl v U nij>orrrT ) 

11 

3 2 

‘ LiinitiNl uumlter 

P* rM-U nt pVirvnpo o^opliigcil 
< wtxviMHm'* ffctuW 

0 

0 

2 06 

lnf«N tion 

r. 

1 S 

Xot "dated 

\ c* nl < ortl pnnlv*i« 


1" 

Not stated 

J t nod of confab *e* ncr 

n\v,o luwpitMitntion <1 ivh 


0 1 

(•>•»)’ 

1-1 10 minimum 

tmn N for» oonipl *lixnnvs.il •In* 


4 

a rr 

Not ‘it'Ued 

1**1 il titu« from ojh rittou to 
* * tnj I t lu'tutv M frt iu 

«**it »V*\* 


l'* 0 
fS 11* 

Not m n, ,i i, u t 14 m 

nnimmnn 


< Umln I frr *; Iiitl nil ..p. rtt-.1 on ,Inrim, U,<- latt - •, r, rK 








320 


THE JOURNAL OF THORACIC SURGERT 


lectomy to be the pioeeduie of choice foi most, if not all, patients with this 
lesion We believe that the simplest suigieal piocedure requiring the shortest 
penod of hospitalization, the shortest penod of postopeiative convalescence, 
and the least emotional and financial tiauma to the patient should be selected 
if it pioduces equally good lates of cine without incieasing the morbidity and 
moitalitv rates 

SUMilARV. 

Fiom our study of a laige gioup of eases m which one stage phanngo 
esophageal diverticulectomy was peifoimed, we aie able to report operative 
mortality and morbidity rates that are as good as, and m some instances 
bettei than, the best rates repoited following the two-stage opeiation for 
excision of pharyngo-esophageal diveiticulum Fuithermore, the period of 
hospitalization and the period of observation after leaving the hospital weie 
significantly less when the one-stage procedure was used When these results 
aie consideied, togethei with the economic and emotional advantages to the 
patient who undergoes only one operation instead of two, we believe that the 
one-stage procedure for excision of pharvngo esophageal diverticulum is pief 
eiable to the two-stage procedure 
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Discussion 

DE HERBERT C MAIEE, New York, N Y —I fully agree about the ndv antage« of 
the one stage operation for pharvngo esophageal diverticulum. I rise to discuss a situation 
m wlucli not onlv was a one stage operation indicated, but where it should have been d°" c 
an emergenev 

I am referring to an unfortunate situation where a pharvngo esophageal diverticu um 
had been perforated endoscopicallv I saw this patient about four hours after the 
endoscopv because of the development of emphvsemn in the neck. Although we considcrc 
the possible ndvisabihtv of immediatelv resecting the prenouslv demonstrated diverticulum, 
we did not do that but merelv drained the cervical region ns one mnv do for endo'copu. 
injury to the cemcnl esophagus A film taken one week later showed that Lipiodol wv 
evtravasatmg from the esophagus and had collected in the mediastinum, indicating the nee 
for a secondary posterior niediastmotomv 

A film demonstrated why one should m this sort of situation treat the patient bv ,m 
mediato definitive diverticulectomv One could see the diverticulum and tlie tmv but verv 
persistent fistula from the dependent portion of the diverticulum leading into the mediastinn 
abscess If we had given this patient Lipiodol before we did the original emergency opera 
tion, I am sure we would have proceeded immediately to diverticulectomv, since the roentgen 
demonstration of diverticular perforation would have suggested the improbability of 0 P° n 
tnueous closure of i perforation so located There was ns yet no inflammatory process in the 
neck which would have contraindicated this procedure At this later stage diverticnlectoniv 
was done, but much valuable time had been lost 

A roentgen evaminntion is important m making certain that one is not dealing with an 
unusual tvpe of diverticulum in this area Although this particular diverticulum was at the 
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v-imc level * th. u.-ual ^.arvngo e*opltagenl tvp* it was trulv a rare lateral ^ophageal 
Uv. rti- alum one vht.h protruM from the anterolat.nl asp* t of the upper esophagus 
Won. the anginal films which did not include a tru. anteroposterior projection we wen 
thinking of operating from the I, ft cl* whi.h uould hare Wu a most unsausfictorv approaelt 

in thi' ca*e 

DR T D FRYFOGI.F., Detroit Mich —I should lihe to discuss Dr Gran ' paper in 
response to Dr Lahevs challenge and defend the One-Mage procedure In so doing I would 
like to add 15 eases, of tnv own that have not Im prevtouslv reported Fourteen were men 
and there tta< one woman the ages were from 4s to St The predominant ^vnipiom wa* 
di'phagia Preoj-wativeh the nutritional deficiencies were corrected the patients were 
.-sophagos. ipe.1 so that the month of the *m and the normal esophageal lumen could he 
. nmpured Bactenologic studies of the *ae contents uere made and the patients were given 
oral droj>s of Terramvcin. 

1 si, 0 w tin- onlv l^cause it is the most iHcnntifnl picture of a diverticulum that I have 
.ter setn and the onlv one I have seen where the pharvnx and the esophagus are so beauti 
fullv outlined together I Inhere and I am sure vou Relieve in Dr Kings theorv of an 
a quir. *1 .levelopm.nt of these diverticula He suggests in his monograph that on swallowing 
there is gradual enlargement of the sae and the prevention of a ridge following repair 
is important For thi- reason I wish to present two technical points in the one-stage 
procedure that have proved to he helpful. 

The realignment of the musculart' of the e~ophagus o!>viou*lv can be onlv m the 
plane of the constrictor fibers However the realignment or the suture line could be made 
on the closed surface and swung in almost am direction The second problem that occurs 
is that we sometimes cat the «ao on the bin* To pretent the latter a Duval lung clamp 
is placed across the neck of the sac Bv cutting and sewing parallel to the clamp a flush 
might line of closure is obtained No 4-ft *tlk i* u*ed for suture 

The advantage' of the method are that there i< uo -uture ndge or dimple for the 
start of a new «ac The two angle closure strengthens the posterior pharvngeal wall as 
cros grained plvwood adds strength to its respective thickness 

Our result* in tin* *one* of la patients have been excellent There have been no 
deaths and no complications except a suiall *a]ivarv fistula in one which closed spun 
taneou'h m thirtv *i\ hour* Tht* group ha* been followed tor three vears and all the 
patient* are still able including the < «' > v ear-old woman 

DR C L T\Cl\>ox Philadelphia Pa—I am ierr glad to hear such an eloquent 
and authontatue voice rai«ed in support of the one stage operation The lachson Climes 
haie lveen lighting for thi* operation even long before the antibiotic era dating from the 
paper bt Gaul, and Jack*on in ^urocri/ Gunccolovv d Oh<ti tries awav back in 1015' It 
1 a* tys n th feeling of the Tackson Clinic* that this operation was to be preferred to the two 

stage in the va*t majoritv of case* I admit with Dr Grav that the argument is greatlv 

strengthered m the pi«t ten rear* bv the development of antibiotic postoperative management 
1 lVl r ’ fl v m I’ r< '— a f i’W of a senes of case- m which the operation wn* done bv mv*elf 
md me n**n i it. Dr Chari.-* Norn In onh two of these cases was a two stage operation 

hm aw of «,«,,] mirations There was no operative mortaluv in a sene* 0 f fin con 

^ ** uiw* 


DR HU Htl.T D 4.D\M< Boston Mas*—I am sure that if Dr Lahev could have 

le n ps (nt , d th pa!M , r he wou|d ha , t lwn p Walh lm p r ^ ed Terr ffluch 

Utc . t 1 m the fa, re mlts in thi< -one* We mu*t not forget however, that he devised 

* u r rtrinr ♦ rv ♦ l. .. _-- _ 1 

I « 0 p’i 1 g- « with It 


— — -s'k*. mai ne oevised 

prior to the era of ant.hiottc* at which tune opening the 

Orpnnikmt nnA tlnr-i nf ♦ ~ —*v . ■» > ^ 


-- *»»■ "uimi nme opening th( 

m.x.d organism* and flora of the mouth, earned a ten high morbtdtlv 

1 t ^ rea on <hat «* that tune 


a ! "'ortahts an 1 

a sere lawn d -< j r,verdure Ht* result* wen *o cvcelW'wUh thoT “7““ 7 ** 
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and I Imd manv discussions after the advent of antibiotics, and as I gained experience in 
safe esophageal surgery under antibiotic coverage, I began to resect diverticula in one 
stage, with uniformly good results as reported in this paper 

There is only one type of patient m whom I would still prefer to use a two stage 
procedure, and these are the patients in a serious state of malnutrition associated with a 
large obstructing diverticulum A simple div erticulopexv will permit them to eat, and 
one can. take as long as necessary, ev en months, to get them into a good nutritional state 
Ye have had several patients with serious coronary occlusions, m whom diverticulopexi 
alone was done, and normal eating and nutrition were maintained for the remainder of 
their lives The only other point of importance that occurs to me is that we are encounter 
mg more and more resistant organisms, and there may come a time when the two stage 
operation may perhaps again be necessary for the Same reasons for which it was ongmallv 
dev lsed 

DE JOHN 3d DOBSEY, Evanston, Ill—I, too, have had such a case as Dr JIaier 
has encountered, one of two 

A mediastinal abscess arose from a perforated diverticulum, which we discovered 
after mediastmotomv failed to eliminate the abscess 

Hy remarks are particular!} directed toward the treatment of the recurrent diverticu 
Ium, for those of us who have had a patient with recurrence after either a one stage or 
perhaps two stage operation In m} own experience, the mistake I made, to which I wish 
to call attention, is the too earl} re operation after recurrence I feel it is best to 
wait until the recurrence has been established, and the tissues have come hack to a nearlv 
normal state before attempting a second operation A further point—I have witnessed one 
of the factors of recurrence in the immediate postoperative period, and that, to mi 
surprise, was due to a verv marked straining from attempted emesis I am sure that this 
accounts for some earlv postoperative leaks, and even an indwelling Levin tube mav fail 
to prevent it 

DB HOY AED K. GEAY (Closing) —I certainly wish to thank the discussers for 
their comments I agree that at the present time Dr Lahe} would probably utilize the 
one stage procedure It is quite possible that we may have to resort to the two stage 
procedure should the organisms involved in these cases become resistant, but up to no" 
this apparentlv has not been necessary 

Y ith regard to Dr Maier’s comment about the diverticulum pointing to the right, 
might sav that exploration of the div erticulum was done on the right side in approximate!' 
25 per cent of the patients in this senes Y e do not mean to indicate that all patient 
must be operated upon bv the one stage procedure The general condition of the patient, 
particularly with relation to liis nutntional stage, may dictate a more conservative pm 
cedure at first, but in our experience this has not been necessary in recent v ears, as has 
been stated in the paper 

One final comment rarely, will one find a carcinoma in the pliarv ngo esophagea 
diverticulum I have had only one in ntv personal experience, but I believe that them 
have been two or three others seen in our institution If there is anv suspicious filling 
defect in the diverticulum, as shown roentgenographicallv, the possibility of cancer must 
be considered 



ENDOSCOPIC TREATMENT OF BRONCHIAL FISTULA 

Bixdo Gutdv Filho )ID 
SIo Paulo Brazil 

npIIE endoscopic treatment of the bronchial stump fistula as a complication 
1 of excisional tlierap\ for tuberculosis, as suggested b\ Oieiholt has been 
performed on 14 patients It is the purpose of this paper to describe m detail 
the endoscopic findings and the clinical evolution in such cases 

Ca<r 1 —D K a 2< iear oM white woman A left pneumone-tomv for tul*erc ulosis 
wa? performed on Oct 2«, 1 Q 4 Q followed br corrective thoracoplastr on Dee 12 1010 On 
lulv G 1 Q 50 a diagnosis of bronchopleural fistula was made On tbe same dav underwater 
drainage was begun The patient s condition improved On lan 2> 1051 a bronchoscope 
was performed and a 5 mm. opening was observed in tbe bronchial suture which was cauterized 
with 20 per cent sodium hvdroxide and neutralized with acetic acid The same process wa c 
repeated on Februarv 12 when stimulation of the bronchial lumen closure was noted 
Bronchoscope was performed again on March 4 and this tune the bronchial fistula was not 
seen Bronchograpln twentv dave later showed that tbe bronchial stump fistula was closed 
The patient was discharged from the hospital on Feb 2^ 1°52 

Cot 2 —M S a 25 sear old Negro man An upper left lobectomi for tuberculosis 
was [wrfortned on Tan CO l o 50 On Februarc 2 diagno-i- of bronchopleural fistula was 
made Corrective thoracoplastv was performed on March " Bronclio=copv on Nov 11 1°50 
'honed a 10 mm. opening m the bronchial =uture Thi« opening wns cauterized with 20 per 
cent M>hum Indrovi.le and neutralized with acetic acid. Broncliosiopv on November d't 
showed stimulation of the bronchial closure During Januon 1951 there was no clinical 
*ign~ of bronchial fistula Imt bronchographv on Mav 5 showed persistence of the fistula. 
Bronchoscopv and cauterization were performed on November 25 and December 12 Complete 
closure of the 'tump was scon The patient died on Aug S 1055 of cardiac failure 


Co» 1—M T O a Is icar old white woman A left pneumonectomy for tulierculosis 
wns jH-rformcd on March 1 105 0 On April 10 diagnosis of bronchial fistula was made bv 
clinical Undmgs With hronchoscopi on Apnl 11 a 4 mm opening was observed in the 

bronchial stamp It was cauterized with 20 per cent 'odium hvdrosule and neutralized 

with acetic acid Broncho~copi and cauterization were done again on April 2" followed 

In reduction of the bronchial Inmen On Apnl 2° intercostal underwater drainage was 
I- rfnrmed followed In bronchoscopv and cauterization on Mav 5 The fistula was not seen. 
On Mav 10, open drainage of tlie liemithorav was done V corrective thoracoplasty was 
1" rformM on Aug 20, bv Dr Botelho The hcmithonev was opened and the fistula was not 
seen The patient wns charged from this hospital on lull 4 1054 


Cow 4 \ L W. a icar old white woman An anterior thoracoplastv, followed bv 
cantv drama.. ml tn. ih,, ]*. t n<u ' U |h nor thon. op! isti hid Wn }>erform.al in another 
hospital In this s rill, i right superior Inlwi tonn for residual canti and apical inferior 
• gm at. 1 t. ,01 11 . re rfom cl on Vpnl 24 1«55 Clinical diagnose 0 f bronchial fistula 
nasjrMo in Ain] .7 followed bi total uja mng of tlu s U tun of sg m and rausi u l a r lavers 


lb r't.t Mini 11 r In lu, ,rtni nt of <iur- rj-j'uief Surm-on 
for jubllciti n !>»■< K 1«> { 


I.ot l)u> 
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Bronchoscopy on Mav 25 stoned total opening of the bronchial stump which was cauterized. 
The patient s general condition improved in the next four months Another ron oscopv 
(on October 27) showed a great reduction of the bronchial lumen Bronchoscopy was 
repeated on November 17, at which tune the fistula was not seen. Bronchography on November 
m «howed the fistula. On December 12, a thoracoplasty was performed by Dr Botelho, am 
the hemithorvx wm opened. A small fistula at the stump of the bronchus of the superior obe 
was sutured with steel wire The patient was discharged from this hospital on MftTCh o 
\9j4 

Case 5 —A. S G, n 23 rear old white woman. A right upper lobectomy and apical 
inferior segmentectomi for pulmonary tuberculous was performed on March 3, 1953 There 
was no total pulmonary rp-expansion in the postoperative period and there were aspirations 
of intrapleural fluid Broncho-copy was performed on April 1, when a 3 mm opening of 
the bronchial stump was seen It was cauterized with sodium hydroxide and neutralized 
with acetic acid Broncho«cop\ was repeated on Mav 25, showing the bronchial lumen 
reduced, and no fistula present There were no clinical 3 igns of bronchial fistula Corrective 
thoracoplasty was performed on Mav 25 On March IS, 1954, a right inferior lobectomy was 
jh rforaed In Dr Botelho, and a small fistula was seen m the right superior bronchus stump 
and sutured with steel wire The patient is still under treatment 

Cate C—H II a 17 sear old part Japanese woman A left pneumonectomy for tuber 
mlosiv was performed on Oct 20 1950 On October 30, the patient developed a bronchial 
stump fistula On Vo\eml>cr 25, bronchoscopy showed the tracheobronchial tree full of secre¬ 
tions The patient was aspirated On bronchoscopy again on December 5 a 3 mm opening of 
the bronchial stump wa« -een and cauterized with 25 per cent silver nitrate Bronchoscopy 
was performed ng im on Feb 21 l t '52 and the fistula was nor seen This was followed bv 
cauterization of the bronchial stump with sodium hvdroxide and neutralization with acetic 
acid This treatment wn« repeated on Apnl 10 Bronchography on Feb 2, 1952 showed a 
ten small fistula. Patient died on Julv IS 1952 of cor pulmonale 

Cat' 7 —\ 1 9, a 24 year old white man A right pneumonectomy for tuberculosis 
njs performed on Vug 14, 1955 The next dav a bronchial fistula was apparent Corrective 
thoracoplasty with opening of the Uenuthorax and bronchial fistula closure with steel ware 
wns [.orforuied on Oct 12 1 95", bv Dr Botelho The bronclual fistula reopened on the third 
po-to|K>ratm dai Broncho-copy on October 23 “bowed a 2 mm. opening of the bronclual 
‘utur. It wa s cauterized with 20 per cent sodium hvdroxide and neutrnhzed with ncetic 
ici.l Oj.cn drainage yva“ performed on October 25 and a bronchoscopy on November 10 
did not show the tistuhi, hut three bronchial sutures were visible Cauterization with sodium 
hvdroxide find neutralization yvith acetic acid was done Bronchoscopy on November 1 
“boned no “uturc“ and that the bronchial lumen was reduced. The patient was discharged 
from this ho pital on Fell 10 , 1054 


Catr s I \ a veur old white man V left inferior lobectorov for tuberculous was 
performed on Vug 17 1935 Corrective thoracoplasty and underwater drainage had been 
Informed ,n another hospital D.agnosis of bronchial stump fistula yvns confirmed by 
t.ronclioscopy o„ NovcmlKW 1 and a 2 mm opening wns «ccn and enutemed with “Odium 
hvdroxide ,nd neutralized with a, etn. acid Bronchoscopy on November 17 showed the 
hromhial lumin reduced bv cnatncial tissue and the fistula yvns not seen ’ The patient 
reentered md ivn« discharged from tln= hospital on Feb 10 1054 


un ~ U P K n VPJ n r olJ ' «cltt inferior lobectomy for tubercnlos, s 

a pirformiM on -ept 0 4040 0 n October 1, cl,meal signs of bronchial “tump fistula 
Vrd - l " , | ‘"-''Ntitc thoracoplasty was Informed 0 n November 9 Bronchoscopy on 

, J, ‘ - n ' m , ^ “ 1 f ,W ' u,ur ' Cauterization and neutral,ration with 

J Ibonchosropy and mut, nz.it,on were performs on April 21 and on 

No UuU was -n. The J.attent was cured and was d,-charged from tins hospital 


M,\ 5 
<n Inn 
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Fig 3 —Case i 



Bronchographj shows the bronchial 



. wtf«« °rsr- J r 

r' t gt fi 

stump fistula opened after treatment 



Fig -t —Case 5 Pronchogmphj shows bronchial stump 


fistula opened after treatment 
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Up 5—Cnif 6 I roncliocntph> shows persistence of small bronchial stump fistula after treat¬ 
ment. 


t u. r — < i 
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FIp 7 —Case It Bronchofrraph) shows bronchial stump fistula persistence after treatment 



Fig 8 —Cate 12 


Bronchograpln shows bronchial *tump fistula persistence after 


treatment. 
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Cafe 10 _P F M an 11 vear-old white bov A left pneumonectomy for tuberculous 

was performed on Mav 2 1^50 and a bronchial stump fistula developed Bronchoscopy on 
Maixh 12 1 Q 51 showed a 3 mm opening of the suture Bronchoscopv on P P 

and November 6, shotted progressive reduction of the bronchial lumen. The fistula mas not 
seen. Patient is in treatment for pocket and muscular layers and shin infection 


Case 11— P P a 20 vear-old white man A nght pnenmoneetomv for tuberculous 
was performed on Peb 26, l^U and followed bv corrective thoracoplasty on April 2. 
Underwater drainage was done on Nov 25 1<>4<I Bronchoscopv on Tan. 23 l Q ol showed 
a 5 mm. openmg of the bronchial suture Cauterization with 20 per cent sodium hydroxide 
was done with neutralization with acetic acid Good evolution observed when bronchoscopv 
was a gam performed on February 10 March 12, and April 16 The fistula was considered 
to ho completely closed Bronchography on Mav 2S, 1951, showed persistence of the fistula 
Patient was discharged from the hospital and is now working under observation. 


Case IS —L P F, a 26-vear old woman A nght snpenor lobectomv for tuberculosis 
was performed on Aug -1 1013, as was a bronchoscopv on Oct 27 when a 6 mm. opening 
of the bronchial suture was ob-erred. Cauterization with 20 per cent sodium hvdroxide was 
done with neutralization with acetic acid Bronchoscopv on November IS and December 1 
•bowed great cicatricial reaction. The fistula was not c een on Dec 1 1053 Bronchography 
on Dec. 1 1053 showed persistence of fistula It was impossible to continue treatment due 
to the patient's bad condition. Patient is on bed rest, and her general condition is becoming 
worse 


Case IS —B B J, a 32 vear old white man A snpenor left thoracoplasty was per 
formed for tuberculosis, the first stage on June 19 194S, and the second on Jnlv 10 
Residual canty cavernostomv was done on Mav 3 with closure of the skin wound on Aug 
5, l'HS A left snpenor lobectomv was performed bv residual cantv on March 22, 1°50 
Bronchoscopv on Feb 1, 1°51 showed a 2 mm openmg of the bronchial suture Cautenza 
tion with sodium hvdroside was done with neutralization with acetic acid Bronchoscopv 
anl cautenzation were done in the same wa\ on Mnreh S March 24 and Mav 16 1 Q 51 
when gradual reduction of the bronchial lumen was observed There were no cluneal signs 
of fistula. The patient recovered and was discharged from this ho-pital on Julv 14 1°52 

Cast. lJ —S F S, a 34 vear old white man A left snpenor lobectomv for residual 
cantv was performed on March 30 1 Q 4 Q , followed bv snpenor left thoracoplasty the first 
stage on Aug 11 , and the second on Aug 20 , 1Q4P Clinical signs of bronchial fistnla 
appeared some dare after operation. Broncho-copy on Nov 6 1050, showed totol opening of 
the bronchial suture Sdvir nitrate cautenzation of the bronchial stump was done November 
0 November 21 nnd December 5 with no local changes Bronchoscopv and 20 per cent 
sodium hvdronde cautenzation and neutralization with acetic acid were performed on 
March 20 Apnl 4 April 24 and Mav 7 4051 , with little local reaction The fistula was 
olwars open The patient wa« discharged from this hospital on request on Oct 5, 1051 




M c are not interested, in this paper m the possible causes of postoperativ e 
fistula formation m patients submitted to e.xeisionnl tlierapr for tuberculos s 
Treating 14 such eases bv sodium lndroNide cautenzation we observed in all 
but two patients amelioration of the local conditions with fibrous tissue forma¬ 
tion occluding the bronchial lumen In two eases only did we obsene the 
bronchial fistula closure at bronchoscopv In all but two cases we observed 
improvement 01 tl.e clinical signs of the bronchial fistula with total absence 
of it at the end of the treatment AVe performed bronchography m B eases 
winch are considered bromhoseopieallv cured f nc of these were definitely 
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closed, four of them -were not although the} had no clinical signs of a fistula, 
and the fistula was not seen at bronchoscopy because the cicatricial tissne 
reduced the bronclual lumen by a longei and more irregulai yy a\ These, prob¬ 
ably, will be definitely closed in the futuie We have no bronchography of 
three cases, y\ Inch weie in good condition without cluneal 01 hronchoscopic 
signs of fistula In two cases the fistula lemained open and did not improve 
by the treatment We believe this fact had some relation to the poor general 
condition of these patients The endoscopic treatment of the bronchial fistula 
does not conti aindicate am othei means, such as thoracoplasty and drainage 
of the lesidual chest space, and these, too, have been peiformed The cantema 
tion shoitens the patient’s treatment We definitely helieie it is a good 
treatment for this postoperative complication, togethei with the othei indicated 
means 


SUMMARY 

Fourteen cases of bioncliial stump fistula aftei pulmonan lesection for 
tubeiculosis are piesented Twelve eases weie cmed lnonchoscopicalh, in 
which 9 bronchographies showed the fistula definitely closed in five cases, and 
not closed in the remaining four Three eases yyeie not submitted to broncho? 
raphv In only tyvo eases yvas there clinical eyidence of the fistula In two 
eases no benefits lesulted fiom the treatment, because of the pool general con 
ditions of the patients 



\VA\- VI VsiK OF i:\F \Y OR ABLE RESULTS EX THE '-UROILAL 

OE BEOXCHIECmS 

RobertL U.n-berg ilD* Jack C Cooley HB^ArthurM Oisen MD oc 
xsd John TV Kjrklts; M B 
T? r» r« u tsiTTH? TTxx-x 


IlE cluneal results in the surgical therapv of bronchiectasis are g°o 
xeeent ienew ot 221 eases of bronchiectasis revealed excellent results m 
TV pir < ent A fan result w as obtained in an additional 16 pei cent and a poor 
11 suit in onlv 5 per cent of this senes It is the pin pose of this communication 
to nuhre ceitam factors possibh responsible tor this gioup of unsatisfacton 
i esults 



METHODS 

This studv iepresents an eialuation of the unsatisfaetoiv results m 46 
c ises (21 per cent! of 221 eases ot bronchiectasis treated bv suigical resection 
at the Mho Clime m a twelve-vear period ending Beeemhei 1952 In all 
cases a thorough evaluation was made with special leferenec to the bronchoseopic 
brom hographu and pathologic findings 

( linn <d results ve ere determined hi to!low -up examination oi dn ect ques- 
tumn uri This senes includes 15 patients classified as having a tan result and 
11 piticnts having a poor lesult Our fair eategorr consists of those vvho 
have virne limitation of genual aetmtv but whose sMuptoms aie not m- 
c vpiutvtmg A pom lesult designates a patient who is little improved or is 
uor>e lollovvnng opeiation (Table 1) 


TvHirl Clinic vt Kesu-ts in 221 Pvtifnts P nuei < oiv l>i i won vr\ 
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In renewing tlu-se eases certain factors were correlated with an unlavoi- 
ibh c lime il result An mnlv ms ot these various tactors follows 

\<u —It was our feeling that children is a croup did not obtain is gratifv- 
mg i result troni surgical theiapv for bronchiectasis, as did adults This lm- 
pnssioti appears to In umfirmed bv the present studv There vveic 10 children 
m our ongiuil siudv In ]_> no pel cent I ot these the result was unfavorable 
Bus ii’-ur is to 1 m? (ompired with m overall unfavorable result ot 21 pei cent 


Tl, 'liiii I-tnir 1 itu n in I i« li -1 r Minn 1 - i |urt of tli i r-i lu it 
ti' r 'itnn i v 

u lv 1 f I 1 uWU \o n "1 1 i 

1 - II is in s 1IrL M |\ 1 r tin ltiji n 
' 11 " r M ,|,m Uiim t llnti in! Mho Icunlitlon loo)) -t, r 

o n . f s urL ^ I;,,, riinh nnl 'Unto J-ojnlitton 1 nohf<tc r 


'“M lit* l 


Mirm 

Minn 


of th 


l ni 


VI 



332 


THE JOURNAL OP THORACIC SURGERA 


TVe had suspected, similarly, that oui older age group might not fare well 
W e were pleased to note that of 24 patients aged 40 years or more, theie were 
only 4 (17 per cent) unfavorable lesults Age, within leason, therefoie, is no 
conti aindication to definitive suigical therapy 

& ex -t 11 original senes 132 patients weie female and 89 male, a ratio 
of 3 to 2 Ot the 46 patients obtaining an nnfav oi able result, 31 were female and 
15 were male This represents a ratio of 2 to 1 lYhile this difference is not 
striking, it would indicate a less satisfactorv response to surgical therapv m 
females than in males 

Hemoptysis —A leview of the duiation of symptoms showed no correlation 
with the o\ er-all result, eithei in the unfav orable group or in the senes as a 
whole 

It was anticipated, hovvevei, that the symptom of hemoptysis might in 
some ivay be associated with an unfavorable result This did not prove to he 
the case In the ongiual senes, 57 per cent of patients had some degiee of 
hemoptysis Twenty five (54 pei cent) of oui 46 patients with unfavorable 
results had hemoptysis It seems evident that this symptom does not preclude 
a good result 

Residual Disease —It was thought that residual disease might contribute 
to a less satisfactory result This was not clearly the case Analvsis of data on 
the 46 patients obtaining unfavorable results revealed that 25 (54 per cent) 
had some residual bronchiectasis This is to be compared with an incidence of 
41 per cent in the ov er-all series 

In addition, of 85 patients in the original series who had residual disease, 
65 (76 pei cent) had a good lesult It is apparent that residual disease is com 
patible with a good result 

Further analysis of tins residual group levealed a definite difference m 
results between those patients having ipsilateral residual disease and those 
having contialateral residual disease In patients with contralateral residual 
disease, 81 per cent obtained a good result, as contrasted with patients with 
ipsdateral residual disease of whom 68 per cent obtained a good lesult (Table 
II) Thus, it would appear that conti alateral residual disease is better 
toleiated than ipsilateral disease, and every effort should be made mitiallv to 
remove all disease piesent on the side on which operation is performed 


Table II Clinical Results in Patients With Residual Disease 



PATIENTS 

GOOD 

NO 

RESULTS OBTAINED 

| PER CENT 

Total with residual disease 

85 

65 

76 

Contralateral residual 

57 

46 

81 

Ipsilateral residual 

28 

19 

68 


Postopeiative Complications —Postoperative complications occurred near]' 
twice as frequently m tlus unfavorable gioup as in the senes m general The 
following postoperative complications were encounteied retention of sccre 
tions, empyema, empvema with bionchopleuial fistula, hemorrhage, pulmonarv 
edema, pleuial effusion requiring thoracentesis, and pneumothorav The 
incidence of these complications m the general senes is given in Table HI ^ 
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stvuh of the incidence ot postoperative eomphe at ions m the 46 unfa* enable 
results is -men m Table IV Rolen cnee to these tables suggests that the on a 
postoperative complication influencing the clinical lesult is retention ot secie- 


tions 
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Of the 4ft piticnts manifesting an unfavorable clinical icsnlt, 21 (45 7 pel 
centl developed retention ot secretions This gioup is to be compared with the 
ova all scries ot ‘221 patients undoigoing resection m winch onlv 57 (25 8 pel 
cent) manifested letention of sanctions This is an lmpiessne difterence and 
it stems noees.snrv to eonclndc that postopcintwe letention of secretions is of 
t rmcnl important e m determining piognosis (T lble V) 


Tvair V Iscicrsci of Retention ot Sfcrftions is Esnrr si i ies 
wo t NFvvorvniE Rise it (trow 


1 RCTMsrn sfctetions 

___ CVS|_S _ 1 _ SO j rEh CIST 

Intin nnls jjj 77 jjs 

lufivonliU rc-ult --t lit -4l> 2 \ -15 7 

Brotulitu tarn —Main authors' 1 have cxpiessod the opinion that 
hromlnttlasis is not i progiessive disease Recent icpoits indicate that this is 
not tntttvlv the vase and out stndv would confinn the more leeent ohseivations 

Rroiiclmgi iphic evidence of new hionclueetasis was found m 24 patients 
In r. 2 't pir cent ol these i significant postopei itne complication developed 
This would suggest that postoperative complications phv sonic part in the 
t°rtnntion °f ,H w hroiuhuttasis I'm thermore 67 pci cent of these 24 patients 
"ht uned in nnfnorihh result Now hiomhuctasts is thcicfore a serious 
postopvratni development and must he tonsidercd a frequent prceursoi of a 
pool rt suit 

It is of further intrust to note tint there were 5 eases of documented 
prourtsMvc hvontIn.• t isu m 1 ol which the result was inisntisfactoiv 

rius, fiuuus prohahlv represent a minimum s, n ee onlv 51 postoperative 
iiroiuhocrims were obtained 
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Sinusitis —The relationship between hionchieetasis and sinusitis Jias been 
studied In a mimbei of competent imestigators, who leached dneigent con 
elusions (Iraham concluded that tlieic is a definite causal lelationslup between 
the two 1 and suggested tlie possibibtc of sinusitis being related to unfatorable 
lesults m the suigieal management ot bronchiectasis - ' Pent and King ba\e 
noted a fiequcnt oceunenee of the two conditions, 66 pei cent of then patients 
with bionchieetasis had sinusitis These authors were not willing to conclude 
that a causal lelationship existed Riggins 0 encounteied sinusitis in 30 per cent 
of his patients with bionchieetasis, but m two thirds of these, bionchieetasis 
pieceded sinusitis 

In oui study, an otei-all incidence of sinusitis of 28 5 pei cent was en 
counteied, of the 46 patients with unfatorable lesults, sinusitis occuired in 
41 3 pei cent Table VI compaies the incidence of an unfat oi able result m 
oui cases w r ith and without sinusitis It is eiident that a diffeience exists 
between the two gioups, suggesting some ical lelationslup between bionchieetasis 
and sinusitis which ments attention and tieatment by the clinician 


Table 1 r Result of Pulmonary Resection for Bronchiectasis According 
to Occlrpence or Absence of Sinusitis 


—-- 


IK FAVORABLE 

RESULTS 


C \SES 

N L MBER | 

PER CENT 

Without sinusitis 

158 

27 

17 1 

With sinusitis 

63 

19 


Total 

221 

46 

20 8 


Obviously, othei conditions mat well influence the lesults of the surgical 
tieatment of bionchieetasis The geneial alleigic backgiound of the patient 
may be a xevY unpoitant factoi Fuithei study should be cbiected tow aid the 
mle of this and othei conditions m the piognosis of bionchieetasis aftci 
opei ation 


summary 

A caieful clinical appiaisal and bionchogiaphic leview of 221 cases of 
surgically tieated bronchiectasis weie undertaken in an effort to deteimme the 
factois lelated to unfatoiable lesults Factois thought to be of majoi nn 
poitanee included postopeiatne complications and new bionchieetasis Fa c 
tois thought to be of less importance were iesidual disease, particular' 
ipsilateial iesidual disease bionchieetasis m childien, and sinusitis A dis 
cussion of these factois is piesented 
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TYPES and incidence of lung hernias 

D Boxtv IIiscof, M D, and George I Digaiax, 3ID 
Albany, N Y 

T HIS lepuit piesents a ease of spontaneous lung henua bungs up to date 
the mudenee of this condition in the hteiatuie and classifies all cases of 
lung henna published since 1025 Excellent and fanh compieliensne leuews 
of othei aspects of the subject ha\e all each been presented be Montgomery and 
Lutz 41 Goodman,'’ 3 Mauici and Blades 12 

In 1925 Montgonitn and Lut? renewed all the cases leported in the 
liteiaturc up to that time a total of 165 and classified as many as possible 
according to etiologc and location In 193*1, Goodman collected a total of 111 
cases, and Mauiei and Blades stated m 1946 that “less than 185 eases hare 
been lecoided m the medical liteiatme ” A nuinbci of mdindual ease leports 
in the more lecent medical hteiature quote one of these figures to indicate 
the rants of lung hennas Howesei, because no complete collection and 
< lassificatum of leported cases haie been made since the renew by Montgomeiy 
and Lilt/ m 1025 it seemed woith while to collect and classifi all cases pub¬ 
lished since tint tunc 8i\ti eight cases lmse been found m the literatnie be¬ 
tween 1025 and Tune 1054 including some not mentioned hi Goodman m 
10 {? ind including the case piesented hciewith These 68 cases added to the 
M>5 upolled li\ Montgotnot\ and Lut7 bung the cunent total to 233 Theie 
ne probable a few more because some ni tides on the subject weie not aiail- 
ahlc 1 » >- 3n " 

Of the 6S cases mailable for this stuch, 52 pionded nifoimotion on both 
timing* and location, 4 ga\e lntoimation onh on etiologt , 4 gaie mfoimation 
onh mi location and b moie had no mfoimation of \alue m classification As 
a result Iheic aic 5b c ases a\ nlable foi classification m each categon 

\ lung henna nine be defined ns a piotiusnm of the lung lies one! the 
normal confines of the thoracic emit* Enough an abnormal opening in the 
dust wall which is cocci id In a mcsothchum lined sac and shm The teim 
prolapse of the lung’ has been used In some authors to describe a sninlni 
iaudition but cme in which the plcuri has been lntciiupted It is out opinion 
that then is no distinct diffeituee between piolapse and hernn All such 
conditions should lx chssified as true hennas, since, In definition the lung 
h s protruded abimrinalh through the confines of the thoracic cants Mediasti- 
nd hirmis are not i dated ctiologn.dh m pnthologicalh to the hennas being 
Miusulmil lion* nul nu not nuhnled 

1 rt m Th \*Ur»n* XdnilnNtmtion \lhan> 

ItUM for ) uMfr itlnn J*«|» j l^rr 


\ \ 
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The basic classificatoin as suggested bv Moiel-Lavalhie in 1849 is still ac 
cepted todaj and is as follow s 42 


ACCORDING TO lOCATION 

A, Corneal 
B Thoracic 
C Diaphragmatic 


ACCORDING TO ETIOLOTV 
A Congenital 
B Acquired 

( 1 ) Traumatic 

(2) Consecutive 

(3) Spontaneous 

( 4 ) Pathologic 


A eonsecutne hernia was defined as a hernia that had delated onset after 
local tiauma, now these aie usuaLh included until tiaiunatic hernias Likewise, 
todav a diapliragmatie lung henna is considered to be an nnpossibihtv because 
of the diffeiential in pressuies m the thoiacie and abdominal cavities In 1882, 
Beale 9 described 1 ease of so called meareeiated hernia of the lung tlnough the 
diaphragm into the abdominal cavitv No sinnlai cases hate been lepoitedsince 
that time 

Table I gives the compaiative figures foi Montgomeiv and Lut/s senes, the 
present series, and the combined data foi all lung hennas when classified accord 
mg to etiologv Table II gives eompniatne figuies when tliev me classified ae 
coiding to location 


Tabie T Classification Accordino to Etiologv 


ETIOLOGY 

MONTGOMERY YNP 

LLTZ 

HISCOE 

AND DIOMAN 

l | Tf; j r.U i 11IB11 

1 NO 

| PER CENT 

NO 


1 NO 

| PER CENT 

Congenital 

29 

17 6 

ii 

19 0 

40 

18 

Acquired 







1 Traumatic 

S3 

50 3 

32 

57 1 

115 


2 Spontaneous 

53 

32 1 

11 

11)0 

64 

29 

3 Pathologic 

0 

0 

2 

3 5 



Total 

165 


56 


221 


Tabif IX i 

Classification 

According to Location 



1 MONTGOMERY AND I 


i 




1 

IUTZ 

HISCOE AND prGMAN [ 

COMBINED 

LOCATION 

NO 

| PER CFNT 

NO 

| PER CENT | 

NO 

| per vtjZL 

Cervical 

16 

20 5 

17 

30 4 

33 

24 6 

Thoracic 

62 

79 5 

30 

69 0 

101 


Diaphragmatic 

0 

0 

0 

0 

0 


Total 

78 


5b 


1 34 

___ 


In the present senes of 56 eases classified accoidnig to etiologv (Table 
there weie 11 congenital hernias Five of these vvere eeivucal and 6 weie mt« 
costal, due primarily to costal malfoimations The finding of 19 6 pel cent con 
genital hernias is veiv close to the piopoition leported by Montgomerj a 
Lutz, 17 6 pei cent Aequncd hernias made up 80 4 per cent of this series, an 
71 1 pei cent of these were tiaumatic in ongin In the group of 11 spontaneous 
eases, 8 vvere ceivucal and 3 thoiaeic, in contiast to Urbach’s finding 02 of i supra 
clavicular, and 18 thoiaeic The 2 pathologic cases weie due to seveie infections 
of the lung and thoiaeic wall in children 2 " 50 








IIIt'CO> VXD DIGMVX LIM HERN I 0:>1 

01 the 36 cases heie classified according to location 17 ueie ceivical Al- 
though it has been stated that cervical hennas aie most eommonh congenital, - 
m the present studs tlieic weie moie corneal hennas with a spontaneous onset 
during oi aftei late childhood than tlieie weie congenital eemcal lieimas It is 
tine that those eemcal hernias with late onset conld hare been attributed to 
(ongcmtal weakness of Sibsons fascia but these have been considered heie to be 
ot spontaneous origin It is of inteicst that 3 cases of bilateral ceivical hennas 
hare been lepoited 2 congenital in infants 13 19 and 3 spontaneous m an 
adult '• 1 Each ease ot bilatcial henna was counted as 1 case onh m the Tables 
Suffice it to s.n that most thoiaoc hennas follow tiauma of canons degrees 
ranging fiom simple ill) iiaetuies to extensive opeiations 

On phcsual examination ot a patient with lung henna one notices a 
bulge on the chest wall onh when the mtiatlmiacic pressiue is mcieased 
This is usualh issociatcd with chionic cough pam, and a palpable defect in 
the chest wall The ccidial hernias bulge between the scalenus anticus 
muscle nul the sternocleidomastoid muscle Thoiaeic hernias aie most com- 
tnoiih found fiist at the sites of previous tianma or mjuiv second, antenorlv 
in the mteixpace neat the costochonchal iimction and thud m the nvterspaees 
postcuoih item the veitelnal bodies The latter two are sites of spontaneous 
henmtions and aie explained In the deficiency of the external inteicostal 
muscles antenorh and the internal intei costal muscles postenoih The lower 
incidence of hennas postenoih mas be due to the suppoit lendeted In tlie 
latissnmis dorsi tnpc7ins and lliomboid muscles 

Xiais usunlh confirm the plnsieal findings, and m special pioiections 
the in hearing tissues ot the lung can he seen to protect outside the thoiaeic 
wall 


C\SF RFPORT 

tin CiT vent old white man was admitted to the Mbnnv \ eternns Administration 
ltosj ital for tin Miond linn, on tan IP 15*54 with the elnef complaint of pnin in the 
nhdcniM n of three to four <ln\s duration 

tor "i noil dn" prior lo admission the patient hnd an upper respirntorv infertion 
witli rmii.li hoarseness and dvspncn Uhilc coughing about three davs prior to admission, 
till 1 itic nt fc It a sudden mill nhdmninnl pnin that felt “ns if something were ripping apart ” 
Tl“ l l ' un cmnimd constunt prevented s] ce p was worse when the patient reclined and 
was aggravated 1>\ roughing The patient hnd hnd some dispnen wath wheezing especiallv 
mi ( xi rtinn for tin prmoiis eight \ear= hut he had never been told that lie hnd heart 
trmibh or high Mood pr,'s,ir, 

I'nst hist on nvealxl that he had Km a luer truth driver for tvventv venrs He 
lud hnd n clmh.vstP.tomv in 1»40 and repair of a ventral hernia two months Inter n 
w.lUuahd rijit mtie s, ,r mid absence of ntidommnl hernins were noted on the first 
Ml »u\\ ^ V \{ lltllM" moii m \oMjn)ur 

lb Of s\ si, in show. d that th« patients gemrnl health hnd liten good nnd he 
fifim ii i \i i v i\» rln-t j*mn mu] lu n opt \ <js 

lhvu.,1 from, _T 1 „ 1, mp, r.lure was 1(1, i-|« p puNe 12s, Mood pressure 

S' mil W Ight JOS ,mu„ds The pitni.t wn- n w,II developed verv ol>es 0 , clderlv 

' "t rnl'r n "T 7 r 1,r ?" r< M " rt ' t ° r ' - nn ' 1 "Invziag but appear, d to have 

r rt- '■h-st sl.ow.d mrr.ns.d ant, r«pos,<ru.r diameter and a few coarse roles 

vas ... .alive exr,p( for s, m ,s taehveardia The abdomen showed 
<ar There was n large eerhvmotm ar.a with sl,ght 


through, at Tin h. art 
an > i_lit 10 !i ri_ht piraimdian 
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tenderness m the right upper quadrant and to the right of the umbilicus (Fig 1) There 
were no hernias noted Two plus edema of the feet and ankles was noted. The physical 
examination was otherwise noncontnbutorv 

Laboratory and X ray Data The ulute blood count uas 9,000, with a normal differ 
ential, hemoglobin 13 Gm , and hematocrit 43 TJnnahsis showed a high specific grantv of 
1 013 after a Mosenthal concentration test Urine cultures repeatedly showed Staphylococcus 
aureus, coagulase positive The nonprotein nitrogen was 40, Folm blood sngar 126 Total 
serum protein was 7 9 per cent with an albumin of 4 2 The serologic test was negative 
The platelet count was 304,000, with normal bleeding and coagulation time Liver 
chemistries and electrolytes were normal 



Fig 1 Fisr 2 

Fie 1—Patient In standing position A Costal margin B Seventh Interspace 
Area of ecchymosis 

Fig 2—Same position Hernia appears at B with Valsalva maneuver 

Course in Hospital X rav of the chest on admission showed a pneumonitis and son^ 
atelectasis in the right lower lobe The patient was treated with penicillin, be re.^ 
Isuprel, saturated solution of potassium iodide, and an 800 calorie low salt diet ur 
medical workup revealed that the patient’s dvspnea was on the basis of chronic pulmona 
disease and not cardiac failure The patient’s general condition and dvspnea impro 
moderatelv on the treatment just described . 

At the time of admission it was noted that he had an area of ecchymosis in t 
right upper quadrant and to the right of the umbilicus For a few davs this ecchvnio ^ 
area graduallv enlarged, it then began to subside and had almost completelv disappeare 
hr the tenth hospital dav This region and the right upper quadrant were tender throug 
out this time The ecchvmosis was thought at this time to be due to rupture of I * 
superior epigastric arterv precipitated bv coughing 

On Feb 23, 1954, an intravenous pvelogrum revealed bilateral liv dronephrosis an 
livdro ureter A severe ulcerating chronic cvstitis was found winch was treated 
prolonged drainage and antibiotics until April 15, 1954 



HI^COE WD DIGM \.X LLNG HERM\^ 33 

Throughout tin- period tlic intient continued intermittent)! to complain of pam 
«Inch wa- e-pecifl!l\ aggravated !>' coughing, m the right upper quadrant and in the 
Mcimn of the right co'tnl margin About tiro month- after the ecchvmosis on the 
abdominal 'vail hail disappeared, the patient noted that a lump protruded in the nght 
upper quadrant when mtr& ahdonunal pressure was increased or when he coughed A 
routine ehe-t x ra\ showed clearing of the pneumonitis but there was still a ven slight 
amount of nteleeta-i= at the right ba»e Xo hernia was noted. Phvsical examination at 
the time revealed that upon straining, a bulge about 5 inches m diameter appeared in the 
region of the nght costal margin (Fig 2) This bulge subsided spontaneously within 15 
seconds after the patient 'topped straining The shin was loose and thick and no crepitus 
was present Yv hen the protrusion was palpated as it reduced, a defect could be felt m 
the run doge of the costal margin, between the seventh and eighth nbs This palpable 
defect extended for about 2 inches above and below on either side of the co-tnl margin 



tT'"" '"' ,i R MU,U W ' <>1 ^ fa,w t0 ani bowel entering the 

11 l ' nt “ nt tbmtosco,Kd and probable lung tissue could be seen passing into 
th h, rain and „ a a- no...I that tin -on nth and eighth nbs spread n» the patient 'trained 
\ rui« tul.a at th.- time r.v.akd a definite bulge of a rclat.ieh ' ' 1 T T 
^bM-'.in protrudii into th, beta,a t*,g ^ ^ ^^^^^1 wt 

Miv , ,o-.t •miVr'! d.-l iV‘ ! ' nU iT ' r T " ri,mnfr ^ bronehognm wns perform,,! on 

• - » Hag t r I 1 , ^n , I l ^r B .? ^ t’w itT‘ W ' «* 

t’ ti„'t mill lol. ,p, 11 T 1 rn « " ' omr> of t,ic terminal radii il* of 

m ” ht ^ ,,n ' ^z ,t ' , " Un,nt; 
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Throughout Ins period of hospitalization the patient was maintained on a Ion calone 
diet, 800 calories per dav, but in spite of this his weight never went below 240 lb< Ih 
surreptitiously obtained food and did not cooperate Tin. patient lias considered unfit for 
surgical intervention because of extreme pulinonnn impliw inn, olii-wtv, and poor rennl 
function Ho was fitted with a special abdominal binder which gave prompt relief from 
symptoms Accordingly he was discharged on a program of weight reduction diet and clew; 
supervision in the follow up clinic 



Fig 4—BronchogTam Further llluatrates extrusion of lung- tissue on talsalvn maneuver 

Comment —This case is of interest in that it presents a complete picture of the develop- 
ment of a spontaneous thoracic lung hernia The onset of ecchvmosis and pain dotes the 
rent in the thoracic, wall The bulge, however, was not noted for about two months Tins 
was probably due to musculnr spasm at first and then the slow enlargement of the bulge to R 
noticeable size Second, this is unusual m that the defect goes through the costal margin 
between the seventh and eighth ribs, thus making it imperative to determine whether tin 
is a hernia of the lung or the peritoneal contents 

SUJIMARA 

1 A case of spontaneous tlioiacic lung hernia is piescnted 

2 Theie are at least 233 cases of lung hernia tepoited m the liteiature 

3 Sixtv previously unclassified eases have been classified accoiding t° 
etiologv and location These have been eompaied to and combined vith the onb 
otliet similar senes done in 1925 
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\ tlchmqle of segmental resection of the LUNG* 

AVfsley a Childs M D and Robert E Nelson M D 
Alblquerque, N Me\ 


IXTRODTjCTION 

D IR1N(i the past se\oral veais an increasing numbei of segmental resections 
has been performed lot the removal of pulmonaiv disease Tins has been 
pnrticnhrlv true m tubei ailosis, hut the procedme is suitable foi other loealizee 
disease 

Techniques of segmental leseetion varv tlnoughout the countiv hut most 
siugeons follow the method of staitmg fiom the stem bionchus and dissecting 
tlic pulmonaiv parenchyma along the majoi hionehns until a segmental branch 
is leached Decision is made on the basis of anatomical lelntionships as to 
whethei this is the bronchus leading to the segment to he i emov ed Confirmation 
is fmpienth made hi occluding the hionehns while the anesthetist inflates the 
lung This method has a few disadvantages Ficquenth it is time consuming, 
particulnrlv when the lulus of the lung is scarred and filuotie Anatomical 
rel ltionslups also, mav he difficult to assess, eitliei heeause of anatomical vana- 
tions 01 because of distentions due to disease 

During the course of development of our technique foi segmental lung 
resections, a method of identification of am segmental bronchus has been found 
which has made for ease isolation of the pioper hionehns This technique de¬ 
pends upon tin fact that the hionehns is the least elastic stiuctuve within the 
lulus of the lung Theiefoie, traction excited oil the pcnpheiv of the lung causes 
lhe hionehns hading to that aiea to stand out as a tight eoid disciete from all 
other stiue tines This tight cord can he identified leadilv where it leaves the 
m nn bronchus !>v palpation between the thumb and index fingei 

To date lpproxnnatclv 7a segmental resections have been done using this 
nut hod of bronchi il identification and theic have been no operative mishaps 
due to nnomtlous nnatoim 01 taultv an Uoimeal identifications Because of the 
smipluitv this nut bod gives to lnomhial identification and the case with which 
Mirgu d risuluits have giasped the principles the method was thought to wai- 
rant tins report 


t not Hu in 


lit sis turn ot the ipu il s< gnunt of the light upper lobe will be chosen as 
n th m nptiv, txunple il ig 1) The visteral pleura is giasped with n lung 
ll>ni l ls 1,11,111 diitih adjoint or dist d to the lesion to be nseeled and traction 
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RESECTION APICAL SEGMENT RIGHT UPPER LOBE 


Superior 

-Trachea 
— Su.p vena cava 

Upper lote 
Bronchus 

Anterior 


Fie l 



Fie 1 —Note Palpation in thlB Illustration Is being: done with the tip of the Index flnpe 

palpating against the tip of the thumb 
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is applied to the lung Care is taken that the clamp he placed within the con¬ 
fines of the imohed segment After incision the pleura ls then dissected from 
the superior portion of the hilus with a blunt dissector 

The superior portion of the hilus is then palpated with the index fingei 
and thumb of one hand while traction is exerted on the distal lung parenchvma 
with the lung clamp as illustrated m Fig 2 Palpation at the hilus will ordi- 
n mil identifc the major bronchus with ease, and a senes of small hard lumps 
Mill he felt where the segmental bronchi bifurcate from the majoi bronchus 
It is in tin? area that the palpatori identification of the segmental bronchus will 
he made as it learn the principal bronchus Oidmarilv the whole length of the 
bronchus leading to the segment containing the lesion will be palpable as a tight 
cord cn?ih distinguished from othei bronchi and vessels If a great deal of 



Trachea. 

Sup vena cava 

Post segmental bronchus 

Cut apical segmental 
bronchus 

Apical and anterior seg¬ 
mental arteries 

Pulmonarg vein 

Distal end of cut apical 
bronchus 


Fir 3 


f toms of the hum .s rnM.it it mas 1* ncee?san to gne senr.nl sharp tugs 
, n ’ cr U> " ukt 'dentine it ion of the bronchus at the hilus This 

•'hitUfu Hum is ma.lt nub th. smo.t.l bronchus grasped between thumb and 
.dov t.nai r and tl.. bronchus thus identified is ) cpt in tlu grasp of these 

i V/7, f UV !o " t0(1 " 3 n ’ la,nch s ""Ple procedure to push 

ah the pulmon.n pareml.una at the place it here the bronchus is nearest the 
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cm\eel clamp is then passed undci the bionclms to letam its identification 
Pielimmaiy stay sutmes aie then iilaeed pioximalh m the bronchus (Fig 3) a 
clamp is placed distalh, and the bronchus is cut and closed 

Tiaction is then applied to the clamped distal bionclms and the hilar ves¬ 
sels fuither exposed by blunt dissection (Fig 3) Vessels enteinig the lmohefi 
segment wall m this mannei be readily identifiable as tight eoids coursing into 
the paienchyma adjacent to the bronchus 

Following ligation of the segmental pulmonary aitery, traction awni from 
the hdus is applied to the distal cut bronchus, while simultaneously the panetal 
pleuia, m the legion of the intersegmental plane, is pushed towaid the lulus 
with the othei hand (Fig 4) In this mannei the segment is stupped along 
the intersegmental veins from the adjacent segments Bleeding is then con 
ti oiled in the intersegmental planes and the bronchial stump is checked foi 
air leaks 



Trachea 
Sup vena cava 
- Post segmental bronchus 
-- Cut apical segmental arlerg 

Sutured apical segmental 
bronchus 

Area of separation of upper 
lobe segments 
Pulmonarg vein 


Distal end. of apical 
segmental bronchus 


Fie 4 


DISCUSSION 

Adyantages of this method have been as follows 

1 The amount of dissection necessary to identify positively the inrohed 
bronchus has been greatly reduced 

2 Anomalous artei ics aie no longei a hindrance or hazaid since, by seeur 

ing the bionehus first, artenes entenng the segment are easily identified m' c 
the dangers of inteifeiing with aitenal supply to adjacent segments aie gie fl ' 
i educed , 

3 When tyvo segments aie inyobved m the disease piocess, such as npica 
and postenoi segments on the light side, tiaction on the lung peripherally on 
eitliei segment, will cause both segmental bronchi to tighten, informing 
opeiatoi early that botli segments ynll haye to be removed 
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4. Segmental bronchi mav be approached from am side of the hilus, de¬ 
pending on the pathologi present 

5 A greater portion of the segmental artery is exposed allowing better 
control of the ligating process It is not unusual to ha\ e 2 to 3 cue of free artery 
aiailable for ligation c f 

G Subsegmental resections are rendered extremely easy, since the entire 
bronchial tree on the involved side does not ha\e to be dissected and onlv the 
imoUcd bronchus need be exposed 

7 Normal segments which one wishes to preserve, such as the superior seg¬ 
ment of the lower lobe in patients with bronchiectasis, can be identified readily 
In the technique Resection can be done on the mam bronchns distal to the 
identified segmental bronchus 


CONCLUSION 

A method of segmental resection of the lung depending upon bronchial 
identification by palpation is offered which has greatly facilitated the perform¬ 
ance of this tvpe of operation in our hands 



PUNCTURE OF THE CERVICAL ESOPHAGUS IN THE PALLIATIVE 
TREATMENT OF CARCINOMA OF THE ESOPHAGUS 

James S Davidson, MB,ChB,FRCSE 
Bradford, England 

O WING to the natuie and site of the lesion, there remains a laige place 
for the palliative treatment of carcinoma of the middle third of the 
esophagus 

Many types of tube have been used for insertion through the stricture 
That described by Souttar 1 in 1924 is of ingenious design and has pioiedits 
worth A disadvantage common to such tubes is their tendency to pass on 
along the bowel shortly aftei their insertion The rather frequent premature 
passage of the Souttar tube caused us to tiy the method of passing a slender 
polythene tube through the strictuie, the tube being brought out through the 
nose or mouth In Souttai’s onginal article he describes the use of Hill’s 
probe, a silver wire covered by a fine rubber tube brought out through the 
mouth and “acting as a permanent dilator alongside which food can pass 
through the stricture ” The method of use of a nai row-bore plastic tube em 
ploys the same principle with the added advantage that the tube may he used 
for feedmg the patient In our experience, this method provided for satis 
factory feedmg through the tube, but m some cases did not maintain an ade 
quate passage for mucus and saliva The presence of the tube m the nose 01 
mouth causes discomfort In an attempt to overcome this latter disadvantage, 
it was decided to brmg the tube out m the neck A small trocar and cannula 
weie introduced mto the cervical esophagus by the method descubed hereafter, 
and the polythene tube was brought out through the cannula 

This proceduie overcame the pioblem of the discomfort of an oral or nasal 
tube and provided a means of feedmg the patient As already stated, the 
swaHowing of food and sahva was not adequately assisted 

It iv as then decided to revert to the use of the Souttar tube and to emplov 
the method of ceivical esophageal puncture as a means of anchoring the tube 
by a thiead brought out m the neck and tied over a button lying on the skin 
By this method the tube can be kept m position for long periods of time e'en 
when it is no longer firmly gripped m the malignant stricture Souttar m 
describing his tube of spnal wire, mentions the use of Symond’s gum-elastic 
tube which was kept in position by means of a thread brought out through the 
mouth and fastened round the ear 

The Introduction of a Trocar and Cannula Into the Cervical Esophagus 
In spite of its deep situation, its proximity to important and vulnerable struc 
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lures, and the apparent daugei of infection of the tissue planes, it is possible to 
puncture the cervical esophagus safelv with a trocai and cannula in the follow¬ 
ing manner 

The patient is gnen pemcillm be miection to eoiei the opeiation and the 
(u-st postoperatnc week The pioceduic is earned out under geneial anesthesia 
with endotracheal intubation The esophagoscope (Negus pattern) is passed 
thiough the cricopharyngeal splnnctei to the lei el of the sternal notch The 
esophagoscope is lotated m its long avis so that its oblique lonei orifice points 
foiwaid and to the left toward the antenoi bordei of the left sternomastoid 
muscle The uppei end of the esophagoscope, manipulated by the assistant, is 
gentle depressed and moved slightli to the right Tins maneuiei bungs its 
lowei end forward and to the left It is then withdrawn until the operatoi can 
Uc! its lower orifice thiough the tissues of the neek at the antenoi bordei of the 
sternomastoid lust aboie the leit clavicle Alterations in the position of the 
esophagoscope should he made onh when the instrument is being withdiawn 



1 !h Ik id should not be extended ns this renders the tissues on the antenoi aspect 
of the neck taut and the esophagus is less accessible In a thin person it is ease 
to nil tlu upm lowei end ot the esophagoscope Eren m fatter, shoit-nocked 
'.dn.dunk it is not difficult It is oui custom to mtioduce a narrow .range 
; ■ " <' IjN of nil The needle is inserted through the skin at the anterior border 
1 ' hU surno„nst„,d mst nhovc the ehucle, and is pushed on into the 

-oph metope The needle p ,sses shghth upward and med’nlh 1,1 

- - ~ r ezrx 9SE 
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anatomical stiuctnre to which attention should be paid is the trachea The 
needle is kept close to the left side of the trachea As the esophagoscope has 
been rotated, its long beak lies on the side opposite to the point of entrr of 
the needle, which is thus presented from passing across the orifice of the 
esophagoscope When the assistant has confirmed that the needle has entered the 
esophagoscope, the needle is withdrawn and a tiocar and cannula inserted in 
the same manner We have used a tiocar and cannula 10 cm long and 3 urn 
m diameter (Pig 1) 

A trocai and cannula hare been intioduced into the ceivical esophagus 
by this method on nine occasions without immediate or late complications 



Fig 2 —A patient suffering: from carcinoma ot the middle third of the caophagns with a poO 
thene tube passed through the stricture and brought out In the necK. 

Dissections of the neck have been earned out in the cadaver with the 
tiocai and cannula m position The instillment passes medial to the sterno 
mastoid, thiough the sternohyoid and sternothyroid muscles, and then between 
the trachea and the left lobe of the thyroid gland just below the thyroi 
isthmus The esophagoscope, when conectly placed, causes the trachea to 
more slightly forwaid and to the right, and causes a local bulging of t e 
esophagus to the left The recurrent laryngeal nerve remams in the grooic 
between the tiachea and the esophagus, and the tiocar and cannula enter the 
esophagus to the left of the nerve with the esophagus in its displaced position 
The caiotid artery is at a safe distance to the left if the trocar and cannuhi 
are kept close to the tiachea 

This pioeeduie mai be used in the following wais 1, the introduction 
of a polvthene tube mto the esophagus, and 2, the passage of a thread into the 
esophagus in order to anchoi an esophageal tube 

1 The esophagoscope is passed down to the giowth A polythene tube 
(size 3) is threaded through the stricture using Jackson side-graspmg 
esophagoscopv forceps The esophagoscope is withdrawn into the neck an 
rotated The trocar and cannula are inserted as already described The 
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polvthene tube must be long enough to pioject from the upper end of the 
esophaeoscope eien nhen the instrument has been withdiaivn into the neck 
The stem ot a Jackson esophageal dilator is then passed through the cannula 
and np the tsophagoseope The uppei end of the polvthene tube is attached 
to this stem v.hich is then v, ithdrami through the cannula bringing the 
polvthene tube alter it There mav be some diffieultv in getting the polvthene 
tube to enter the eannula because ot the oMiquitv of the hatter It is best as 
soon as the tube comes up against the cannula to withdraw the cannula with 
the polvthene tube following it Attempts to toice the polvthene tube through 
the cannula mar detach it from the stem 01 ma\ result in its being cut across 
be the end ot the cannula The polvthene tube is genth pulled ont until as 
seen throueh the esophaeoscope it is not looped m the cervical esophaeus 
(furs 2 and >) 


l.c 
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tluough the esophagoscope, tlieie is no slack tlnead m the esophagus Tht 
thread is tied ovei a stainless steel button whu h has tuo holes m it A small 
dressing is applied oiei the button (Figs 4 and 5) 



FIff 4—\;-ra> of a patient ^Ith a Souttar tube tbroug-li a malignant stricture of tbs 
middle third of the esophugus The tube is anchored by means of a thread to a button 
is l>lng: on the skin of the neck. 



i 


t 


Fig 5—Photograph showing- the position of the button to wh'ch the Souttar tube is anchors 
This photograph was token after the button had been in position for ten wee 
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Poxiopcratnt Count —During the first tortv-eight hours, the patient uill 
complain of sore throat, and sometimes there is regurgitation of mucus and 
caljva For about three davs he mat have pain radiating to the left ear A 
small amount of granulation tissue tends to form at the site of skin puncture 
There is slight but persistent discharge of pus from the puncture hole The skin 
under the button is cleaned and a fresh dressing applied daih On no occasion 
has there been spreading infection and there has been no discharge of foo 
or sain a 

At a second esophanoscopi performed on one patient after the thread had 
been in position for two months, the point ot entii of the thread into the 
,soplngtis was clean There was no naiiowmg of the esophagus at this lei el 


Ct“E REPORTS 

P\q> 3 —U s t S7 vear-old woman was admitted to the hospital on Mav IS, 1954, be- 
r iiL*e of di-pliagia of thro, montiis duration ‘die was able to swallow fluids onlv 'die 
^ufT* red from tlni—t ind r< gurgitation of «lime The esophagus was narrowed in its middle 
(hint lo i neoplasm, a biop-i of which showed squamous-cell carcinoma On broncho c copv, the 
lout r part of the loft mam bronchus was ''Cen to be narrowed b\ a prominence of the 
J o tr rior wall 

after dilatation of the “fracture a “lender polvthene tul>e was passed through it and 
brought out through the nose The patient wa“ able to “wallow salna, liquids, and a little 
i mwolid food for two week' when the tube was accidentnllv pulled out during sleep 
The polithene tube wn“ again parsed through the gTOwtli and on thi“ occasion 
brought out m the noeh It remained in position for twenti “is dais and then came out 
during a bout of retching 

Vftor the corneal introduction of the tube the patient complained of pain radiating 
up to the left ear This “vraptom pa'-ed off after three dai“ During the first twent' four 
• our= “he regurgitated “time mucu-and “alna Thereafter “he was comfortable She was, 
to begin with nguelr conscious of the foreign bodr in the esophagus This feeling dt“ 
nppenrod after four da'“ s nn ie granulation ti“sue formed at the point of entn of the 
lube through the “1 in Thtre wa- “light discharge of pus but no leakage of food or “alien 
The patient was aide to “wallow fluid* and ociasionalli *ome semi«o]id“ bat with con 
•idcrable difliculti c he frequonth n_ur„itated mucus and saliva Food was given 
through the tube and “atisfaetori Indention nnd nutrition maintained 

On \ug J'. 1 "H a 'hiuttar tuW was insirted through the growth and anchored to a 
1 utton in the nt 1 1 The tulo r< nitnned in position for three months until “he died During 
this tun, the potn nt was abk to stinlloii b juub semisohd 5 nnd well masticated “olid 
b 'l without difliculti Thtr. was no further n gurgitation ‘she died s„ddenli at home 
f *Iln^\uic lion mo 

rone- nt —In his . i , pun. tun. of tin . m al esophagus was j* rformed on two oca 
s,or« ' uluut difliculti Oali i Inn m amhur,! <souttar tul>e ivus u>ed was “atisfaiton 
{ (lit itK 1 nrlu v< 1 
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swallcraed soft foods without difficulty Six weeks after insertion of the tube, he had gained 
8 pounds There was persistent slight discharge of pus from the puncture hole but no leakage 
of food or saliva 

Two months after insertion of the tube, tho patient was readmitted with dysphagia 
S ray showed the tube still m position. At esophagoscopy, the thread was seen lying on the 
left side of the esophagus and, lower down, it lay against the anterior wall The point of entrv 
of the thread was clean There was no evidence of ulceration or stricture formation at the 
level of puncture The Souttar tube was found to bo blocked by impacted food A bougie 
was passed into the tube On withdrawal of the bougie, the tube tended to move upward 
with it The tube was apparently lvmg quite loosely at the site of the growth. The tube 
was gripped with forceps and cleaned with a brush without extracting it from the esophagus. 
After withdrawal of the esophagoscope, the button was seen to be hanging looselv, about half 
an inch of thread having emerged from the cervical tract When the patient swallowed some 
food the thread retracted and the button again lay flush with the skm After the cleaning 
of the tube, swallowing was again easy, the patient’s condition rapidlv improved, and he 
remains free from dvsphagia 


DISCUSSION 


Palliation m cases of malignant esophageal obstiuction is difficult The 
gieat vauety of methods described is evidence of their limited success This is 
due not only to defects m the methods, but to the fact that distiessing symptoms 
may anse from lnonehial involvement and pulmonary infection while the pallia 
tive measiues aie dneeted mainly towaid relief of dysphagia 

Though intubation methods through the esophagoscope aie useful, it is, of 
course, impeiative that thoracotomy he performed if theie is any prospect of 
excision of the caicinoma In ceitam cases, it is obvious without exploration 
that the lesion is memovable, and one may pioceed at once to intubation. 
In othei eases, the lesion is found at thoracotomy to be inoperable In such cii 
eumstances, we have prefened to intubate thiough the esophagoscope rather 
than to inseit a tube after incising the esophagus as described by Madder and 
Mayer 2 No attempt can heie be made to assess the relative value of simple 
intubation and the piocedure of esophago-jejunostomv as described bv Allison, 
oi that of leplacement of the lesected carcinomatous segment by a plastic tube 
as descubed In Beiman 1 To some extent, the nature of the case will dictate the 
method which is most suitable 


An intubation method should be effective over an adequate peiiod of time, 
it should allow for the passage of food and saliva, and it should not he asso¬ 
ciated with physical or mental suffering In dealnig with caicinoma of t e 
esophagus it is important to he suie that pioceduies descubed as palliative < 11 
in fact, bung comfoit to the patient Gastrostomy and jejunostomv thougi 
pioviding for feeding, are widely condemned because of the mental and phvsie 
suffering thev cause 

A palliative measure may fail if it has to be repeated too often This ob 
lection applies in many eases to repeated bouginage It also applies to mtn 
tion methods in which the tube tends to pass through the stiietnie soon n ter 
its insertion It is hoped that the method of anchoiing the tube which m e 
scribed mav remove the necessity foi repeated insertion of the tube and so en 
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banco the pallmtne x.alue of intubation The tluead prevents the downwaid 
passage of the tube It does not pi event its movement upwaid Fortunately 
the upward displacement of a tube of the Souttnr pattern is raie 

The great advantage of the use of the Souttar tube alone is that the patient 
is unaware of its piesence The method described heie has the disadvantage 
that a button is pusent on the skin of the neck Though not causing pam, its 
long continued pusence mav make the patient who is unawaxe of the natuie of 
Ins illness suspect that he is suffering fiom an inevitable condition This is a 
defect in the method but it max. be outweighed bv the advantage of having 
i point of fixation foi the tube 

The fact that spreading infection m the tissue planes of the neck has not 
occurred max he due pnitlv to the action of the antibiotic, and paitlv to the 
fact that drainage can ocem along the thiend both into the esophagus and 
through the skin 

Attempts at palliation using a slender pole there tube mav fail if the 
patient is left with a tube emerging fiom the nose 01 month Aftei an initial 
<la\ ot two of discomfoit the patient is much moie comfoitable if the tube 
enters the eei\ical esophagus below the encophni\ngenl sphmetei 

In our expelicnee the use of the anchored Sonttai tube is moie successful 
than methods cinploving a long slenclei plastic tube 

SUMMARY 

A method is dcs< tihed of punctuic of the conical esophagus with a tiocnr 
and c mmili The cannula is used foi the mtioduction of a thiend m oidci to 
am hoi a tube passed tlnough a malignant stnetine of the middle third of the 
esophagus The cannula nun also he used ns a means ot mtioduciiig a slcndci 
pohtliono tula into the esophagus 
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THE TREATMENT OF VENTILATORY INSUFFICIENCY AFTER 
PULMONARY RESECTION WITH TRACHEOSTOMY AND 
PROLONGED ARTIFICIAL VENTILATION 

Viking Olov Bjork, M D , and Carl Gunnar Engstrom, M D 
Stockholm, Sweden 

I N THE treatment of pulmonarj tuberculosis it lias been found possible to 
cany out major surgery ou patients with ventilatory insufficiency (maxi 
mal breathing capacity as low as 18 L pei mmute) Most of these patients 
will have as pronounced ventilatory insufficiency aftei the operation as be 
foie Then sputum, however, may became negative to guinea pig tests, and 
they may leave the hospital and take up then foimei work As the operatne 
mortality in this group is comparatively low, moie such cases are accepted for 
suigeiy The immediate postopeiative management is most important in 
these eases It may be necessary to connect the patient with a machine for 
artificial ventilation This may be done intei mittently for short periods dur 
mg the first days aftei opeiation in oidei to wash out the caibon dioxide, unti 
the patient gets strength enough to keep the carbon dioxide content down 
by his own lespnation 

On the other hand, it may be necessary to use aitificial ventilation con 
tinuously foi more than a week m a seieie ease vuth, for instance, a P’ ieU 
moma m the only functioning lung, until this pneumonia has been lesoie 
and the patient can take over the ventilation himself 


PRINCIPLES FOR POSTOPERATIVE TREATMENT 

1 Intratracheal aspvation with a rubber catheter introduced thiough tb 
nose is used intermittently in cases with a low maximal bieathmg < j’ vpae V’ 
i e , 20 to 35 L per minute These patients are often not able to cough up 
accumulated secretion The small volume of expned an will only cair \ 
secretion from the bronchi up into the trachea The patient is too 
continue coughing until the accumulated secietion is expectorated 

2 Tracheostomy is the next step to be taken if the patient does n0 ^ 

piove and in spite of fiequent aspnations develops a carbon dioxide reteu i 
The tiacheostomy will dimmish the dead space hi appioxnnately 1 ’ 

theieby impiovmg alveolar ventilation If the aiteual carbon dioxicc 
sion is aboie 70 mm Hg, we consider it advisable to peiform a tiacheostomy 

The highest lei el of arterial pC0 2 with suivnal and without ^ 
cheostomy was 73 mm Hg m a man wnth a maximal breathing capaci 
18 L pei minute before a left extrapleuial pneumonectomy One veai a ^ 
Ins maximal bieathmg capacity w r as still 18 L per minute but his sputum a 
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gastric w ashings proa ed ncgatn e on guinea ]ng inoculation His resting pul- 
monan aitonal pi essui e w as 33/15 nun Hg This pi esstu e i ose to i 1/28 mm 
lie on slight exertion 

It mai he difficult to obtain an aiteual pCO- since the laboratoij is often 
not functioning at the time when the decision has to be made Experience 
and clinical indgment alone how e\ er, are sufficient for the decision W e hare 
nner had to rcgiet that a tiacheostomv was peiformed, only that it was per- 
foi med too late 

The best function test postopeiatneh is duett measmement of the aite- 
i ml p(). and pCO A low pO. with noimal pOO_ ma\ indicate a secretion leten- 
tion with atelectasis and shunting of blood through nonventilated aheoli 
Tlien repeated aspnation lias to be done, if neccssaia, tlnough a tiaclieostonn 
If, on the otbei hand, pCO? is sen high this is due to a aentilatorv m- 
suilicicnti and tracheostome lias to he pcifoimed nnmediatelv If the pCO, 
still is Inch artificial aentilntion has to be added 

I lrfi/iriid toifihifion tlnough the tiacheostonn is the last resource when 
the patient's oun aentilntion through the tiacheostonn is insufficient The 
tia<lieostoma cannula is then pioaided with a lubliei cuff to make an airtight 
(ouncetmn with the lcspnatoi 

We hn\e used ptolonged artificial aentilation post operatic elv m two dif- 
fcunt groups of patients 

A Tn one gioup of patients tlieio has been a complication with an acute 
<\tensne infiltration m the onl\ functioning lung During artificial aentila- 
tmn and mtensue antimicrobial thciapv the pneumonias denied up nnd the 
inticiils umld take osei the aentilation themselaes (Cases 1 and 2) 

It In the other group one patient had a compensated ventilatory m- 
Mtfiuunia befoie the opcintum Onla elestroved nonfunctioning parts of the 
lung wcie remoaed Then lmmediatela aftci the operation a trncheostoma 
wns jurfoinicd and the patient intci mittcntla kept on artificial aentilation 
In tin sc e isos with abnormal functioning lungs a careful control in the 
ii te ri d blood of the e arhon dioxide tension of the pH nnel the carbon dioxide 
lontent (plasma) is necessaia both foi piopei indications to iracheostoma 
uid artificial \ tntilation and foi adjustment of the artificial aentilation When 
tin pat it ill tri.tduilh gels stiongei aftci n cnmpnrntia ela sei ions operation 
In e ui foi mi reasnig periods of time take oaer the respiratory work himself 


aitrrnoD 

The nrtifiml amtilntion is performed through a cuffed siher cannula 
1 ‘ 1 'plnd through i truheostonn (modification of the method described bj 
1 ' 11 ls nnport mt that th s trat IkoMouu is pheed as hvffi as 

ppibl, fMrt.n.1 to fourth tinhcil cartilages) otherwise it is difficult to 
o anin m airtight iimncrtmn using an ordinaia tamiula with an inflatable 
, r '" fl , Tlns n,M ’" n,ff »"'« *»<* ncu the distal end of the ean- 

! '"r U w ; n Ml1 ’ Uin " ,Ll ' ,)lf> 1™ <«-<’rtoma (F,g 1 ) The rubber cuffed 

,s ,,rif,rre<1 1" •» “»ffed rubber tube which may be dislocated 
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down ill the light mam bionchns causing atelectasis and letention of seerc 
tion m the left lung ruithermoie a mbbei eathetei maj cause pressure 
necrosis with esophagotiaeheal hstula if it does not have enough curvature 
These details m technique aie impoitant m order to obtain an airtight 
connection through the tracheostomy (Pig 2) The connection must be air 
tight if it should be possible to take or ei the \ entilation of the patient complcteh 
If tlieie is a considerable leakage aiound the enft of the cannula (moie than 2 L 
pel minute) and the insufflated ail owgen mixtuie to a laige extent goes bath 
waid up into the pharynx, the patient will hare difficult! m synchronizing 
his bieathing with the machine 



Fig 1 —The rubber cuff must be placed near the distal end of the cannula otherwise It 

sifp out through the tracheostorm 

The artificial ventilation is admmisteied bj a special device designed 
and presented by Engstrom m 1951 10 50 (Ihg 3) In the last years it has come 
into widespiead use for the treatment of seieie cases of lespiratory paralvsis 
in poliomyebtis 1 6-11 Principally this unit opeiates by direct insufflation 
into the air passages and is different m an important aspect from the usua 
types of positive pressuie bieathing deuces All of the moie common ones 
aie either time or pressme cycled and operate to deliver a certain piessure 
This unit, when used with a tracheostomy tube or mask is v olume cycled, i e, 
it dehvers a preset v olume In ordei to delivei this v olume the pressures are 
different fiom individual to individual and often m the same individual ff° m 
time to time depending on variation of the mechanical factois of the pulmo 
naiw ventilation lJ 10 The piessme fluctuations, which can be observed > v 
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He -—It 1“ import mt to obtain an atrtlcht connection through the trnclieo^tom} 
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watching the column of air in a watei lock, depend on the elastic properties 
of the lungs and thoiax wall and the frictional tissue and airway resistance 
An increase of the pressure required to force a given volume of air into the 
patient's lungs is thus an indication of altered pulmonary mechanics and cor 
responds to increased respiratory work 8 in spontaneous respnation A man 
mal pressure can he set by changing the watei lei el m the uater lock so that 
dangerous pressnies can be avoided A vacuum pressure capable of being 
legulated can be applied m the airways during the expiratory phase in order t 
to keep the mean mask piessure and theieby the mean intrapleuial pressure 
on low values so as not to impede the venous return and cardiac output dur 
ing the insufflation breathing 

We have found it adequate in these cases to use a gas mixtuie of 50 per 
cent oxygen and 50 per cent an The gas mixture is highli humidified, nhich 
is of importance duiing piolonged aitiiicial ventilation through a tracheos 
tomy Naturally frequent aspirations through the tiacheostomv have to he 
made as long as secretion accumulates 

These patients requne a very caieful supei vision during the treatment 
When the patient impioves aftei the intensive antimicrobial theiapy he can 
at intervals be disconnected foi spontaneous respnation for mcieasing pe 
nods of time In cases with poliomyelitis it has been possible to utilize this 
method with tiachcostomy and aitiheial lentilation continuously for more 
than one year 

In cases with noimally functioiinig lungs and no metabolic acid base 
disturbances it is possible to calculate the adequate alveolar ventilation fairh 
accui ately 8 

In cases lwth extensile lung infiltiations or lung paienchimn ofhenwse 
diminished in function, the adequate i entilation cannot be calculated It is 
theiefoie necessary to check the ventilation especially by annlvsis of the 
aitenal blood (aitenal caibon dioxide tension, blood pH, plasma CO- con 
tent) In the venous blood it is of lalue and leiy easy to follon the CO 
combining capacity (deteimined as alkaline lesene) uhich if it mcieases in 
dicates hypoventilation compensated by retention of alkali ions 12 

In patients with hvpoi entilation leceimig oxygen, the lentilaton liisuffi 
cienci mai be masked and caibon dioxide letention mai be caused" Th> s 
will lesult m letention of alkali ions m the blood with mci easing caibon 
dioxide-combining capacity as a compensating mechanism foi pi ei enting 
lespiratory acidosis mth decieased blood pH The hydiogen-ion concentre 
tion of the blood is legulated by the lelation expiessed by ITendeison Has 
selbalch’s foimula 1 ' 

Blood-pH = plx' + log (H -hC 0~ 3 1 
(pH' = a constant 6 107 at 37° C ) 

One must theiefore be caieful not to hipenentilate a case with high car 
bon dioxide combining capacity Hvpeiventilation may lesult m a lapid dis 
placement of the blood pH to the alkaline side with disturbances m the >a 
ance of electi olvtes, resulting m tetanus and coma 
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It m n be emphiswecl that a clangeious hvpov entilation mav be masked 
and nnsundeistood when the patient iecei\es oxjgen until caibon dioxide lias 
^cumulated to such an extent that it mil no longer act as a dnve on the 
respnnton centei ” A cluneal sign otten ohsened is mci easing blood pies- 
suie The patient tlien easily goes ovei m an uncompensated lespiratory 
acidosis with lapidh decieasing blood pH, coma and circulatory failuie A 
patient theiefore should not be given oxvgen when suspected of having an 
msufhuent spontaneous ventilation, for instance, when he is taken from the 
lespiratoi If he cannot he without oxygen the artificial ventilation has to 
he continued, or the arterial pCO ; has to he checked A piactical method is to 
d< tennme the patient s minute iciitilation at lest pi eopei ntn eh If then the 
same \olume per nnnute is used foi ventilation during the operation as well as 
m postopeiatne period there is onlv a negligible dangei of displacement of the 
pH to cithct the and or the alkaline side 


C1SE REPORTS 


C\SF 1—A SR % car old man had cnvitarx tuberculosis in the right upper lobe and 
umh rwent a 7 rib thorn oplnstx with npieol'sis in 1040 A residual cnxitv remained in 
the right lung ulneli hnd 21 per cent of the oxx gen uptake The maximal breathing ca 
ptuitx me f| i [ p< r minute At operation, the right upper lobe, the superior segment 
and the po-tt nor basal wguicnt of the right lower lobe, were resected under the thoraco 
plnstx Tin phrinn m ru was dunled during the extrapleural dissection of the lung 
Du pat uni had ilifhcultx in raising sputum from the right bronclnal tree, wlncli filled 
up with Mention i aiming a spill oxer with extensile infiltration in the onli functioning 
lift lung (lig 41 On the fourth dnv after operation tracheostonix was performed and 
artificial senUlntion instituted with 0 T oxigen and <3 L air per minute at a rate of 22 
ri juration 1 - l** r minute During the first dai<- the respirator could onlv be disconnected 
fur a fiu minutes when intrntrnelieni aspiration was performed On the fifth dn\ the 
artificial nspirator could In disconnected for tlnrti minutes and after <ux dais in the 
ii pirntor whin tin infiltrations in the left lung had disappeared the patient was able 
to idiijiiitili irntilnti him i If through the trulu o«tonn When the respirator was first 
I limn I till (111 sistoltr blood pressure drnppi il from 150 to inn m m Hg The enrlion 
lioiidi ni i mutilation mode the patient eomntosp pirspiring and in spite of a high blood 
pit tin niul tin i \tn until were tool and cvnnotie \fter one dai in the respirator a nor 
uml pi nplu rid eiri illation was r< stored \ month lntir the pntnnt could return to the 
sanatorium in a good condition (big o) 


( 'si J — \ | a irohl man luul luluti nil pulmonnrx tuhereulosis and was treated 

with tutnti ml pm umoihornx from VMii to l'dj ] n jo-,-1 a caxitx in the left upper lohe 
"'is di tii tid and surgerx was ndxi-i 1 dlaximnl hrinthing enpacitx wns 70 I per min 
uti Tin n idunl cnpneiix a ns I pi r rml of the total enpacitx ItroncliO'pirometrx 
slioui t Vi. pi r nut origin uptnhi 1.x tin lift lung \t operation n resect, on of the 
“ • I ‘ I * nor s gimats of tht lift uppi r Inin mid of the superior s, g„„ n t 0 f the lower 
1 It was perform! 1 Tin op, ration was emupli ted with a iheorlu ntton of the lower lobe 
tut 1 mi » > 
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ht 
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0,1 "" 1 ml 1 “ topi r iti\, ihx an ixti 11-1x1 infiltration was x is,tde on the right 

miltlir. "is at. h. ns, „„ t)„ hfts.,1, (Hg 1.) \rtificml resp,ration wa« earned 
0, mu II lx for inn. lax s uh. n ,t„ infiltration xxas r < olxed and the pntnnt'« s, IO n 
t jiratuo was The patient left tin ho pitai in good eon.ht.oii (Fig 71 
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Fig 4 



Fig: 5 

Fig- 4—Case 1 X ray demonstrating an ext<nsi\e infiltration in the onJ} 
lung the left 

Fig 5-—Case 1 X rn' one month later when the lungs had cleared up and 
could Ien\e the hospital 




functioning 

the patient 
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Fig: C 
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Fig 8—Caee 3 X-ray demonstrating a left 8 rib thoracoplasty with onb U P 01- ce £{ 
oxygen uptake on the left lung On the right side both upper and middle lobes w'ere destrojea 
by cavitary tuberculosis. 



Fig 9—Case 3 X ra> of the patient two weeks after operation She could then be without 
artificial \entllatIon 8 hours a da> and walk a few steps 
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of the bad pulmonary- function The maximal breathing capacity was 33 L. per minute 
The artrnnl oxvgen tension was 75 5 mm Hg the pCO. was 37 3 ram Hg : i° Broneho- 
spirometn showed onlv 11 per cent oxvgen uptake on the left side (Fig S) At operation 
both upper and middtp lobe on the right side were removed as well as a wedge of the 
lower lobe The lung tissue was completely dcMroved and without function An osteo¬ 
plastic thoracopla'tv completed the operation Thus the patient had practicallv onlv one 
functioning lobe <-he wa- left with intermittent artificial aentilation One night when 
breathing ■pontaneou'dv with oxvgen she reeened a small do*e of morphine cansing hvpo 
yentilation and r.-piratory aeido-is The aecumulated carbon dioxide was mashed bv the 
ox\gen therapy The alkali reserve was a= high a« 113 vol per cent Artificial ventila 
tion then caused an alkalosic with tetanus and eomn The pH was 7 55 with a carbon 
iioxidc combining capacity of 114 vol per cent pCO f>2 mm Hg Intravenous XH,C1 
KH, blood “ammo olglien- ’ and serum albumin was given and the blood pH and pCO 
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with ventilatoiy insufficiency due to extensive infiltrations m the only func 
tioning lung The patients described here would undoubtedly have died with 
out prolonged artificial ventilation 

In cases with an acute extensive mfiltiation m the only functioning lung 
the patient has been kept on artificial ventilation continuously for about one 
week During this time intensive antimicrobial theiapy was given because 
of the pneumonia which giadually resolved Two such patients were so 
treated They were m a senous condition when the artificial i entilation was 
instituted If they weie without artificial ventilation for one to two minutes, 
they turned deeply cyanotic due to insufficient gas exchange thiongh the 
lungs The distuibance of the pulmonary gas exchange in these eases depends 
on peifusion through unventilated pneumonic areas and considerable decrease 
of 1 entilated alveoli 

The decrease of ventilated alveoli wall cause (a) decieased diffusion 
surface necessitating a eonsideiable hypen entilation, (b) unfavoiable me 
chanical factois foi respiration with deci eased lung compliance and probablv 
an mci eased tissue factional lesistanee 

These factois acting in the same dnection will lesult in a highly increased 
respiratoiy wot k foi a sufficient ventilation Our patients could not perform 
this high respiratoiy voik The mechanical factors could be followed on the 
pressures during insufflation, which in the beginning showed high i alues 
which diminished when the infiltrations denied up When the pneumonias 
were resolved, the mechanical factors of respiration weie improved an t e 
patients could then rapidly take ovei the ventilation 

Another possibility discussed m tins situation is an extiacorporeal on 
genation of the blood with an oxygenatoi pump A clinical case of coi pn 
monale was tieated foi 7o minutes with an oxygenator pump by Helmswor 
and co-workers Dyspnea impioved and cyanosis was shaiply reduce u 
nig the perfoimance Such an apparatus, however, cannot be connecte oig 
enough foi the heahng of a pneumonia Furtliermoie, the heparinization ^ 
a patient wdio has undeigone a majoi thoiacic operation is contram lca ® 
The prolonged application of artificial i entilation bi the method esen > 
howevei, has pioved lifesaving to patients until serious complications 
ventilatoiy insufficiency after pulmonary resection Altogethei P a 1 
base been tieated and there has been onlv one death and that has 
due to the fact that the artificial ventilation was instituted too late Our ser^ 
included one man with a light pneumonectomy perfoimed eailier on w iom 
apicopostenor and mfenoi lingula segments of the left upper lobe m'c n 
been remoied In another case, the right uppei lobe, the left uppei 0 )e > 
the supenoi segment of the left upper lobe w ei e remoi ed w ith a e S1 
osteoplastic thoiacoplasty pei formed m one stage in the pi one (Oierholt) posi 
In a third case until tubeiculosis and mitral stenosis, an insufficient was o 
tamed aftei commissurotomy This patient received aitificial ventilation ui ^ 
expiratoiw resistance In the othei cases, a negative expiratory phase w a 
utilized The patients can recene more morphia and hare a smoother postopc 
ative course 
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SOMJIARV 

Principles ot treatment of postoperatne xentilaion insufficiency are out¬ 
line! Two patients with extensive infiltration m the only functioning lung 
\un saxcd In six daxx treatment with artificial xentilation (Engstrom lespna- 
tm) With liitensne antimiciobial theiapx the lung cleaied up and the pa- 
t nuts reroe tree! Postopeiatne aitifiual e entilation is also used intermit¬ 
tent!! or continuous!! in eases of luglih diminished lentilaton cnpacit! 


REFERENCES 


1 Wrup, P, Gotn.he II nnd Xcuktrch, F Laborntorv Ins estigations During Treat 

men! of Patients With Polioms eliti- ami Respiratory Paralysis, Brit M J 1 
7SO7S0, 1974 

2 BjorV. ! O, nnd Hilts, H J MiCTO\olunietnc Determination of Carbon Dioxide and 

Oxsgcn Tensions in Xrtennl Blood Tlie Accuracs of a Modification of the Rite! 
Procmmel V rnnke Mettiod, T Ap]>l Plis siol 6 800, 1954 
Bjork X 0 and Hilt! H T The Change in the Arterial Oxygen and Carbon Dioxide 
Tension Curing \ oluntnrs H\ pervcntitation as a Test of Lang Function, J 
Tnnrarii s,, ,• 27 511 1054 

4 Hjork, X 0 and Hilts, II r The Artenni Ox\ gen and Carbon Dioxide Tension Dur 

mg the PoUnpcrnti! c Period in Case'- of PuhnonnTs Resections and Thoraco 
plasties, J TitORtCIC Star 27 413, 1054 

5 Itjiirk, ! 0 , and Serosoppi F Tlie Artennl Oxvgen Tension After Resection With 

Simultaneous Osteoplastic Thorncoplasti, J TjUOKACIO feURO 29 105, 3955 
9 liulilmnnn X and Lucbsvnger, P Xtemphvsiologischo Bemerkungen zur kiinstbcben 
Vtmung bei dor Behandlung dcs Tetanus, Helvet paedint acta. 9 403-410, 1954 
7 flnhlmann, !, and f uchsinger, P Die kunsthclio Atmung, Schweiz, rned Wchnschr 
85 t l>, 19V> 

s Christie It 1 Dispnoca m Relation to the Viscoelastic Properties of the Lung, 
Proi Itoi Snc Med 46 7S1 ISO 1077 

f| 1 ngsirntn ( (t Om CO, retentionens bet\de)se \id respirntionsinsufficiens, Srcnska 
Ink s n U<k ferhandl 47 3007 1970 

jn Inps( r „ n i c Q Respirator entigt ms pnneip Ssenska Ink sallsh fortiandl 50 
-,4 5 l*tV> 


11 


I. 


tt 


It 


V> 


V ng strom < O Trintment of t -e\ ere Case' of Respirators Pnrnlvsis bs the Eng 
stmm t msorsal Itespirmor Brit M T 2 660 669, 1°54 
Ifindrrsnn 5 and Haggard If U Kespirntors Regulation of the CO cnpneitv of 
tin Blood, f Bio] < hem 33 331 19JS 

t a- i 11 It 1 A X Priliminnrs Report on the 1971 Fpidenue of Polioms elitis in 
t openhngen With ‘'penal Jtefi rence to the Treatment of Acute Respirators In 
Siitlicienes r nnci t 1 37 PD" 

Mar !i ill 1- K , tr and Roscnfctd, M Depression of Respiration bv Oxigen T 

Phnrrnntol 4. I xpt r Thernp 57 437 19 16 

U.nd r mid X\ Inttenbergi r 1 1 Phssicnl Properties of Human lungs Xtensured 
During l 'pi>nttini (ins Rispiration T Appl Plissiol 5 779 706,1057 
titis \ It 1. an X! <1 and Iinhn II Mechanics of Breathing 111 Xfnn J Awl 

I n\ Mill 2 1‘) ;0 } 1 1 

J , i,,‘ u " 1 V Quantitative Chmuil Chem.strs, Baltimore 

&. W llYvinv ( o \ ol 2 Mi thoiK 

Uxh* U ? I'NM nm.l D 1) nml V rnnk, 1{ l Dinrt Mi tlm.l for Determination 
■ f <b nnd (O T« ii'inns in Blood T Bint C hem 161 (ill 677 1047 

3 YS it, u * U 1 n "‘ I N Dingnostishn och klinmkn mn s id 

II imii luiiL i\\ ImUnt'j win! \nnl jm it 47 y>f, 



ESOPHAGEAL RECONSTRUCTION BY MEANS OF PROSTHESIS 
Experimental and Clinical Experience 

James B Dumm, M D , # Joseph E Macmanus, M D , Arthur A Anderson, 
M D ,** and Robert C McCormick, M D 
Buffalo, N Y 

INTRODUCTION 

T HE modem suigieal treatment of cancer of the esophagus often imolves 
the rather extensive leseetion of the neoplasm with its adjacent lymphatics 
and subsequent anastomosis of the pioximal esophagus to the stomach, jejunum, 
01 colon Those of ns who hate assumed the lesponsibiliti of treating this dis¬ 
ease hate sought foi some time foi a less foinndable pioceduie which might he 
used w hen the clmieal or operative ei aluation of the patient establishes that the 
tumor cannot he completed lesected 01 wheie the geneial condition of the pa 
tient has so detenorated that an extensive pioceduie does not seem feasible 
Piom the classical woik of Neuhof 1 m 1917, it is appaient that fascia lata 
may he used as a fiamework for the epithelization of small defects in tie 
esophagus In this article Neuhof stated that “tiansplanted fascia has l-cmai 
able viability eien under the most disadiantageous condit oils ” He was tic 
first to demonstiate that a fascial giaft could be satisfactonh emploxed to w 
pair a defect m the waLl of a hollow viscus Taffel 2 latei used similar grafts m 
defects of the tiachea with equal success Gundlai 3 and Ins associates demon 
stinted the feasibility of using polythene tubes to leplace excised poitions 
tubulai stmctuies, namely, the common bile duct, tiachea, and colon Benna 
lecentlv lepoited the use of pohthene tubes alone to replace excised segmen 
(40 to 96 mm ) ot the esophagus of dogs He lepoited successful i emits m 
of the 20 dogs used No attempt to cotei the tube with living host tissue was 
descubed by him Klopp and co-workers 6 ha\e used polythene film wdb sp 
thickness skin giafts both in the leconstiuction of the ceivical esophagus am 

foi phaixngeal defects , w 

It is the puipose of this paper to review our expemnental an c ” 11C . 
suits, using polythene plastic tubes coteied with fascia lata oi spit- nc 
skm giatts as a icplaccment foi lesected segments of the esophagus 

EXPERIMENTAL RESULTS 

Using 20 mongrel dogs, Z inches of the middle third of the thoracic esophagu, 
cised and replaced by an esophageal prosthesis This prosthesis was constructed I 
of an autogenous fascial sleeve oter a semirigid poljthene tube spbnt rp| ie 

Procedure —In IS of the dogs a fairly standardized procedure was fo ow ^ „ 
prosthesis was constructed by suturing fascia lata from the thigh of the annua 

From the Department of Suruerj Unlcersltj of Buffalo Buffalo General Hosplta 
Roswell Park Memorial Institute Buffalo NT a nd ClInK* 1 

Portions of this stud} were supported by the New Tork Cancer Fellows P 
Fellowship of The American Cancer Soclet} 

ReceLed for publication Feb 15 1965 
•Former Resident Buffalo General Hospital 
••Former Resident, Roswell Park Memorial Institute 
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,„,U itoun.l the polvtlunc tube splint trm„ a INo o 0 running silk suture The 

jHtMhcm urt* \v*i*» of f'urlv npvl construction, -U to 4 mtks long with in m^idc dnmeter 
of mdi ami a wilt thirhnc^ of 1 mm One to 2 tin from each en<t of the tube a nnglihe 
flange proje»ti*l about 3 nun from tin outer ^urf ue (Tig 41 Through a right tmuspleunl 
tvpprna* U tin t,-«opUagus vra** isolated in it*? middle third ind i - null ^cgnient reset ted 
Tht previou'-h constructed pro-the^\< was, then ^uturul into the defect and anchored m 
tli* lunu n at the proximal end In two l itenlH placed mattress sutures pissed through the 
pohthine tube and all coil® of the o-ophigu 0 The free edges of the fascial sleeve were 
th»n sutured to the cut end*’ of esophagus proximalH and distallv with a running 3 0 
chromic «uturi The client w i« closed m laver* and the pneumothorax, was evacuated as the 
closure w is completed 

l'o«topt rati\el\ the anmmls mewed intravenous fluids for three dais and oral fluids 
for thris da\« progro^ini. to a full liquid diet Proplwlactic antibiotics were eaven for 
om wtd 


Tiurr I Ei>om\rE*\L ProsniEsis 



l v\ SE oi 1»F \TH l 
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h ritual ■'lough 

1 


Snowin'-,, 

1 


Toolimi-il error 

1 


1’neumonm 

1 


Malnutrition 

r, 


(1 
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/iisii/K—In anih7inp our results (Table 1) a two-week peuod was used 
to ditutmm operatise semis nonoperatne mortnhts This peuod was chosen 
is n w \s noted tint the fast al gratt slouched as late as twel\ e dn\s postopeia- 
tdel\ hiding to ps opiieuniothornx and death On this basis om operatise 
mort Oit' was if) pci <ent or r l dogs In 7 of the b dogs, the cause of death was 
i «It ir cut slough of tin tascin with resultant csophnsopleiiral fistula One 
amni d died fiom a leak at the csophagofastial anastomosis and another death 
w is attrihnti d to amMliom In the vmnuils m which a fascial slough oocuned 
tlu disinter m.nrrcd from 2 to 12 dass post ope rat neh nseragmg 6 to 7 dass 
\s inti Host ll drnn ig, was impractical the esophagopleur.il fistula resulted 
m ripid di ilh Tlu tasin imainhh showed sepaiation of the frased and 
nu rod, fih< ts nc tr tin midpoint ot the grift with the hhers at either end neai- 
tlie isophagotasiml inaMoinosis showing tl.e best surmal It is also of 
H>,t dthough n, ,rh ill ot the later.I retention sutures esentulls pulled 
through tin i ophugi d wall U mug the tube lne there w is no indoneo ol leak 


Mu. mmuts t dl per centl ot the sunned the 14 das postoperative 
'<r..,d ltuii.’ in iiunsp ot ,1 dass aarsmjr trom 1' t0 3 _ Vs <lns T , 

' 'I,' M,n, 7’ i ’V"; 1-WiperatnoN Malmuntion was a major 

P ..hi. m m , ot tin i sun.mm, dm to n twsal or mnhihts to cat In 4 animals 

sn u,Vs\ n ,m '' ' nh ""' (lu "' 111 *>™> ot rapidls diselop.nl 

ri< iUn s tollow ng m.gr.t.oi, „t the plntic t„he from the -raft sit. Tin™ 

'"h.-s w,r, < arm-d into tlu stoniaili and on, mi-nted -mtot mrl, ra , T 
if' MUMII im.nor ,h, ,-soph , ms ,1 1L , ^2 , / orm,Me 1111 

......r r « a "’ m t 

<h‘ i ,.I 1 .ornpli, nun pill limn tin 1 ,mmaIs 
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Tluee animals maintained an adequate nututional state, but 1 of these 
also died of a complicating pneumonia The remaining 2 animals were sacrificed 
at 107 and 128 days One of these 2 animals had leguigitated the plastic tube 
32 days pnor to sacufiee and showed verj definite stricture foimation at the 
graft site (Fig 2) 

The o\er-all mortality due to both opeiatne and postoperatne complica 
tions was 89 pel cent with only 2 animals baling a lelatneh uncomplicated 
coiuse 


Fig 1—Experimental autopsy specimen (Dog Iso 54 7) shows prosthetic tube 
migrated anteriorly to He in abscess ca\Itj between esophagus and heart. ^ 

Fig 2—Experimental autopsy specimen (Dog No 639) shows stricture forma o ^ 
gTaft site at time of sacrifice 32 days following removal of tube Epithelium has c v 
co\ered the graft. 

Separate consideiation is gixen to 2 animals in which the afoiementioned 
pioceduie was varied In these anmials, the tube was tied m place with a P un j c 
string sntuie supported by a bean ligature aiound the esophagus and 1"io 
piovimalh and distallj The fascia was then sutured to the muscular coat o 
the esophagus beiond the hgatuies as an onlex giaft, thus excluding it f r0 ™ 
food stream eontammation As might be expected, the blood suppl) to the gra 
x\as inadequate vhieh resulted in a slough of the graft and esophagus bexond t ie 
ties Continuity was disrupted and both animals died rapidlx This procedure 
was abandoned foi obvious leasons 
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Viuowpic 7- vuhnns -Microsopic sections were made ot the grafts and 
revealed several significant findings 

In onlv 1 nse was there complete coverage of the graft bv epithelium 
Tins o< eurred m the animal that regurgitated the tube on the seventv-fifth 
dn with sacrifice 32 davs later In 3 other cases there was minimal growth 
of .pithohum fioin one end of the graft varvmg from scattered minute islands 
to t (tiff 14 inch ill extent In the lemammg 3 survivois there was absoluteh 
no tpithili/ation and in fact 2 showed loss of epithelium along the adjacent 
CMiph igc ll sm face Tins suggests that the presence of the plastic tube is 
somewhat disadvantageous to epithehzation, probnblv on the basis of mechanical 


irritation 

There was a consistent severe eellular inflammatorv reaction m the fascia 
ami surrounding structiues Also noted was a marked fibroblastic reaction 
surrounding the fascial graft with necrosis and slough of the superficial graft 
fillers and distinct hvalnnzation of the deepei fibers This raises the question 
is to whether the fascia survives is replaced In new fibrous tissue or acts as a 
tempornrv harrier to the lood stieam while the surrounding tissue leaction 
provides the permanent structure 

Tin grafts which dehmtelv sloughed showed complete h\ alnu/ation of 
fihi rs and suml \r nifinnunaton responses 

Tin most obvious important conclusion to be drawn from tins experi¬ 
ment d studv is that, at best our results xvith this pioceduie are not good m 
the dog \u opu uivc mortalitv of 33 per cent when combined with the fact 
ili.it in 30 p< r cent of the series death seemed directh due to failure ot the 
taseia to survive semis to preclude anv oilier conclusion The fascia lata 
ippiruitlv (ould not withstand the insult of constant contamination bv the 
lood sin im The graft could not he separated from the food stream without 
(ompixmiiMtig the mam somcc of lilood snpplv through the esophageal wall 
In support ot this it was noted that the slough 111 0 of 10 dogs occurred at 
I'i'd gi ift r filler than at tin anastomosis 'second in the cases where attempt 
w is nude to cm hide the graft from the food stream bv lig.alures around the 
i sophnms tin f isi 11 dist tl to the ligature sloughed 


I s< ot tins iv im of pint ('dure in the human being might vield better 
n-nils than our ixpumnntnl results would indicate, with intercostal drainage 
uid crivitv is an ml 111 tin nnihninsin of sw illouing but several basic defects 
in tin prostla ms would unlit fie against longterm successes The nueioseopic 
md _n.ss (viihnie 01 the fnlurc of tin autogenous tnsu.a to survive ns an 
mtut mlu iln Ink 01 (pitliclizatioii m the priseme of the plastic tube and 
rq.nl Mrutnr. without t li< |») isti. splint indie ite that a split tlwhuess skin 

- r . ,U uuJu *''' l ' r ''' 1 K mor> "*de pi istic tulx whi< li w ill still maintain 

1 humn mn.ht nmd tin «rosmn of ldjnnnt structtiros such is aort 1 and 
t r < hi \ 


< l IMt \t M \TKM\1 


1 » M t'l \ <W uluU 11 in " lv nfl -rrLNl to 0„ Hos^l! 

1 , , , ’’ ft five month historv Of ,tvs.j,ln Crt m . and 
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of the esophagus, 19 cm. from the incisor teeth. General medical surrey revealed hyper 
tension, auricular fibrillation, and generalized arteriosclerosis, indicating the rather poor 
general condition of the patient 

After the usual preparation, an operation was performed on Sept 4 , 1951 The cemcm 
esophagus and proximal portion of the lesion were mobilized through an incision along the 
anterior border of the right sternocleidomastoid After this stage of the operation aa? 
completed, the right chest was entered through the bed of the fourth nb, m order to ei 
plore the extent of disease The remaining distal portion of the lesion nas then mobilized 
The esophagus was transected distal to the lesion and the plastic tube fitted into the lumen 
of the distal transected end of esophagus Interrupted black silk sutures were placed through 
both the wall of the esophagus and the run of the plastic tube to anchor the tulie in phre 



Fig 3—Esophagogram done on clinical Case 1 shous tube prosthesis In place "Ith 

stream passing around plastic tube. 

The tube was then covered with mediastinal pleura A drain was inserted into the niedmsti 
space and brought out through a stab wound posteriorly v\ itli intercostal drainage t irou^ 
the eighth interspace The chest was closed, and the esophagus then delivered 10 
cervical wound and transected 2 cm proximal to the lesion The pln«tic tube a as P 
into the lumen of the proximal transected esophagus and sutured in place with fine 
The neck wound was closed in layers with a dram inserted into the mediastinum Al' 11 
trpe gastrostomy was performed for feeding purposes 

The postoperative course was uneventful Oral feeding was started gradually, am 
the fourth postoperative week the patient was eating purded foods satisfactorily (Fig 
He was discharged on the thirtieth postoperative dnv in good condition 

On Dec J, 1951, throe months after surgery, the patient was admitted ' }e< ' tiucc 
dvspnea which developed rather suddenly Bronchoscopy revealed obstruction of the i* 
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:"; r , f ; zzztztx - - — 

cm^t ,1 U\ tlw prc'-ure of tlio pi i-tie tulie (Fig 4) 



In. I V»t< j . v|»iint.n t Hnlrnl Cntp 1 flm«« tube In jibin' with ojiltlu Hum tormina oor 
tit ttvl nf Hip tvitie amt pvirrmmillnj; tunu faction 


t \i| J - I <i \ (No i n Ml w ir oltl white limn we niltmttevl to Roswell lhirl 

Mi inoniil 11n<jut il in S jtli mix r ]'*T1 uitli n liu month lu-torv of ilvsplmgm mil a weight 
1 ~ of .T jmiiiitl l "I'li i^o^rini' uni r<o|ili ij.iwi ojh row Owl an obstructing c ir< motna at 
tit jmi in a of tin ujijm r mil innlilh third* of tin? c~ophngnx \fter the usual jireoperntive 
| ' jaritun vutli hi_h r ilurn Injin find diet mil Irnnufti-nni", an ojiorntion am jierforrmal 
'» li I 1*. t<i‘.l 


Tl" aKloa <ai «k o\jlotu\ in onli r to iimbilire tin '-toinai li Exploration revealed a 
1 r * r 11 of arm nr mount,> ii« hwpli nodes v U rroiimliti_ tlio rclmr axi« Prtmarv re-ec 
tioa of tl . njha„u was not f, i-il'l, M an i of tin* drilling ami the nlWiomcn na< closed 
Til 1 ato at u IV j l-o-. 1 on Ins |,ft sol, ntol n split tlm Inoss s| m L mft talon from tin 
”*■ t lii_lt Tl, njit rli t nn< op tied no dint. u fru h jnnvalilo li-ton at the level of 
" ‘ !l l! ' ' 1 1 ” was tubdunl viol transected 4 om ihnu ami Mow tin 

Tt 1 """ 1 ,tl1 1 <>' « r moved an I ,, plastic till- plans! in the Ml 

I t'l i mil of , 'jingo w e xiitnro,] to the ili-tnl an,l | roxiinal ends of o«ophv 
, l " V ‘ '">' 1 ‘ "* Mx'Jtr ‘»rfare fuu,. tin- m..,l,astinmn in. 
* * ' 1 ,uK vn1 ' 1T ' 5 lo tl- J r< \iinal an 1 di«lal end* of c o,,hngns 
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The mediastinal pleura was closed A No 38 catheter nas placed within the mediastinum 
emerging through the chest wall posteriorly in the sixth interspace and additional intercostal 
drainage instituted The chest was closed in layers 

The postoperative course was uneientful except for persistent drainage from tlte 
catheter A Stamm gastrostomj was performed for feeding purposes, and hv the fourth post 
operatne week the patient was taking oral feedings satisfactonh The esopbago-cutaneonj 
fistula closed six weeks after surgen, and the patient was discharged on the sixtieth poi 
operative dai in good condition 

During the next three months the patient remained in good condition, being able to 
swallow chopped meat and vegetables without significant difficult} Fne months after surgerr 
dysphagia recurred A barium studi suggested recurrent carcinoma at the distal end of 
esophagus near the tube, but the patient refused to have am further diagnostic or operatin' 
procedures (Fig 5) For the next two months his condition remained static He continued 
to swallow liquid foods without difficult! Howeier, in the seienth postoperative month the 
d}sphagia became progressive!} worse He was admitted to the hospital nine months after 
the surgical procedure m very poor condition and died m a few davs 


nkf 


r- 

V' 



Fig B—Csophagogram on clinical Case 2 postoperativelj shows passage of food 

through tubes 


On autopsy, the plastic tube nas found lving free m the lumen of the e30 ^| mo , 
Recurrent carcinoma was found in the esophagus at the distal line of resection wi 
complete obstruction, but at the proximal line of resection there was complete contmu ^ 
tween the esophageal mucosa and the skin graft About the celiac axis, a large run 
metastatic tumor was found 


Case 3—T AL (74550), a G7 year old white man, was admitted to the Roswe 
jremonal Institute in April, 3052, with a seven month histor} of dysphagia, loss of 1 P° 
and a one-and one half month lustor} of pain in both sides of the neck after eating 
grams and csophagoscopi revealed a partially obstructing carcinoma in the middle thir 


esophagus 
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Vfter preojvcntivc preparation with high caloric liquefied diet an operation was F r 
Vpnl 2 ° 1°’)J 


Through a right transpleural approach the esophageal lesion was identified m e mi 
on third of the e-nphngus The lc-aon had eroded through the wall of the esop agns n 
i U « M«il,k a- a massiTf ulcer crater penetrating the entire wall with adherence of t e esio 
to the thoracic aorta. Vfter mobilization exeept where the tumor was adherent to t e aorta, 
the I -ion was re c<-ted with approximately 2 cm. of esophagus above and below tbe gto'' 
lmolvi ment V portion of tumor along the aorta remained in rttu A plastic tulie was then 
placed III the !*ed of the excised portion of e-ophagus and four rtav yutures of iio 0 black 
-ilk nr. pi iced through the null of e-ophagus and rim of the tube on each end to anchor 
tin tub m place \ pur-e string -uture was placed in the trail of the esophagtis 1 cm. from 
th. tr-in*> i ted end- aid drawn tight to *eal the esophagus around the tube. Tbe parietal 
\ U urv v. i* fri nl from the thoracic wall and reflected over the tube to pleuralue the operative 
ur'-a an 1 i ruhb r dram was placed near the tube and brought ont through the posterior chert 
u ill Intirco-tal dramagi wa c instituted and the chert wall was elo-ed in laver- A ^tamm 
gnrtro toms wa- thin performed through a -hort upper left paramedian incision for feeding 
] 111)0 - 

Tin ) o tnpiratite ionr-e was uneventful and the patient was discharged on the thirtieth 
1 -li.[« rativi da\ taking putrid food- orallv without di&.ultv One week after discharge 
l> Midi rial i -Here ga«trointe-tinal hemorrhage at home and wn- readmitted lune 6, 

Tran fu ion« n. re pun hut one week later he had another severe hemorrhage and succumbed 
\t tump i the pla-tu tuK was -till in place but a penetrating ulcer 1 cm in diameter 
u i- found in tin up)H r inn-ei tod end of the esophagu- wlutb appeared to be tbe source 
of th lu ipnrrha«.o The e opliagu* and rtomach were filleil with blood clots Mediastinal 
no<l - contained met g-tuti. carcinoma and a large mas- of tumor wa« found along tbe 
thoracic inrtv Tin mintedi itc cane of death was hemorrhage due to ulceration of the 
i-ujlngus i ravimal to tin pro-tlt.-is appar.nth due to mechanical pre~«ure bv the plastn 
tub 

( \si ) — V II (No 7"7<lt i 7g \ear old white inan was admitted to the Roswell 
I ml M< nmn d In tituti on Mar.h 1. W with a live-month lnstor. of dv-phngia Phv-ieal 
lamination wn- not r«mirl it h t «o)di tgo«.opv and e-ophagograms revealed n constricting 
ari moa i m ilo middle third of tin <-nph igu- laboratory examinations were within normal 
In ut- ind nttir pnoj«rati\t pr. jcimtion with a high caloric liquefied diet and transfusions 
in i[ ration w is i»rfornel on March 7' 1‘>U 

V M imm ga-tro tnnn wa- ptrfnrmod following whuh the patunt wa- placed m the left 
Inti ral d nlnttis ji . ltton an I tli right Hit t was cntcreM f sing sharp and ldunt di c -ection 

I'agit- wn- fnad anteriorK from the bronchu- and lateralis from the nreli of the 

o ta an I tl -uriiii K a irta Tin tntire tuoior could not b rtmoved because of altnchment 
o vit tl ni turn- Vft. r adequate tt ol.ilir ition the le-mn wa* partially Tesected 2 cm. 
o\u a] and th tal to t! „rn * imohertit nt The plastic tube wa« placeil in the re=ected 
s’a_al b-1 an 1 uturod t. th. > ml* of tin trao*ected e-ophngn* a« previon*l\ de-cnlxd 
V rtrq .f f. 1 1 1 it a which ha.l bn pr.viou-lv nrnoved from the right thigh was wrapped 
_ J * ! <ul 1,11 ratur-l in )vl 1 I V* a -h-v. oniav graft V straight No 10 rubber rathe cr 

1 ' l 1 n '■ t( t!< * 1“ rain. -it. and wa* hroujil oul of the .In -t po*tenorl\ Addi 

.1 i t.rc *al drama, w - m-tmu.-l an 1 th. che-t wn* .lose,] 

Tl. t t‘,-ratu. cur- ..a- faulv unwintful fn r th. fir-r four weak* but after oral 
1. - w.r. m itut<-5 a - wall tmps.nn <-,v„> destloj.oa in th. right thorax which wa* 
, , " 5 ' ! ; l ’ r '' rn ' »<««,« after *urgt rv revealed a tracheo 

1 '" rt ' nlTU ""' and l>‘0 patient discharged on tnlie 

Tl p itnnt dr. 1 three months later 
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when one finds a patient with an obstiuctne lesion of the esophagus foi which 
eithei because of pool general condition 01 the failme of some important 
organ, one is faced with the miprobabihtv of being able to complete a satis- 
factori curatue esophagectomy Procedures suggested bj others, such as 
esophagojejunostomy and esophagoeologasti ostomy, aie opeiations of groat 
magnitude in themselies, and the patient lequnes considerable physiological 
fortitude to withstand such a pioeedure The problem that is most trnng is 
exemplified by the lesion in the middle 01 upper third of the esophagus, where 
because of the extension of the lesion mto the tiacheobionclual tiee 01 aorta 
complete resection is not possible Moieoiei, one often sees patients who liaie 
limited lesene and who liaie lesions winch may be lesectable but which are 
combined with extensile metastatic nodes in the celiac axis or m the supra 
claneulai legions, and who aie also suffeimg fiom complete obstructions These 
patients desene some cousideiation It was laigeli because of these factors that 
we liaie looked foi a method of tieatment which might be of some use when 
all other measuies seem impractical Om expenences in the expeiimental lab 
oratory with this pioblem liaie not been leu satisfacton 01 eien encouragmc 
The 4 patients who weie operated on m this mannei tolerated the pro 
cedure satisfaetonli and had yarjrng amounts of palliation One of these 
J A, had the most satisfactory palliation, being able to swallow both solul 
and fluid foods foi about nine months Tlieie have, howevei, been serious 
complications "We feel that the plastic tubes being used bv us have peihaps 
been too ngid They can be made more supple and flexible m the future so 
that they will not tend to erode large lessels 01 injuie the posteiioi wall of the 
trachea It is peihaps unwise to use plastic tubes wluch occupi moie than 
half of the length ot the mtrathoracic esophagus Specificalh this would 
amount to a tube being limited to 5 inches or less The cunatuie of the 
dorsal spine makes it extiemelv difficult to stabilize a tube of greater length 
pioperly and pieient it from injuring structures that cannot more out of the 
war easdj This method m oui hands does not seem to merit a place in the 
armamentarium of the suigeon doing this tvpe of woik except as a last resort 
when lesions have been partially lesected and continuity must be established 
quickly The technique is simple, adequate drainage can be provided and 
some measure of palliation can be expected This method cannot be propose 
as an alternative in oui experience foi am of the known established methods o 
restonng continuity of the esophagus 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERT 
Notice of Annual Meeting 

Tho Thirtv sixth Annual Meeting: of the American Association for Thoracic Surgery 
«,11 tve held Mav 7, 8 nnd 0, 1036, in Miami Beach, Florida Headquarters mil be at the 
ltnti'l I ontainchloau 


Requests for Hotel Reservations 

These should be mailed oirecth to Mr Jack Slone, Director of Sales, Hotel Fontaine 
l.hau Mnmi Beai h, Florida Please mention this Association, the type of accommodation 
desired the date and approximate hour of arrival and departure If accommodations arc 
de ired (beahere in Miami Ikach, please communicate directly mth the hotel of your choice 


Thoracic Surgical Forum 

The Thoraeie Surgical Forum mil l>c continued as a special session at the 1056 meeting 
Tie 1 orum is pnmnnlv for tho presentation of short papers on current thoracic research, 
i \p> run, ntal problems, anatomical studies nnd modified or new surgical techniques The in 
ohi«um of am. considerable amount of clinical material in these reports makes the choice more 
diflWlt md the Program Committee reserves the right to reject such papers, or to suggest 
their iransferral to the Pi gular Program. 

Papers at this session will lie luudcd to ten minutes, including the showing of lantern 
slid ' or other illustrative material At the discretion of the President, three minutes mav 
lie alloue 1 as the maximum discussion for each paper 

Ml Thoraeie ^UTgiral Forum papers will be published together in one l'suc of the 
Toi i mi. Maximum length 7900 words without illustrations If illustrated, nn appropriate 
number of word* must be subtracted for each cut u«ed 


Abstracts for Papers 

tbstraels for the pr*.* ntation of all papers at the 1970 meeting must be received on or 
b fore l>i IS, 1055, otherwise thei mil not lie considered liv the Program Committee 

M.strarts should l>o lain led “For Thoraeie Surpcal Forum,” ot “For Regular Pro 
_nn ” The attracts should contain from 200 to 230 words nnd accurately reflect the con 
tint" of th completed paper 

f lie repeat f re copies ot each attract must be sent to the Secretary of the Association, 
!> Paul C c nrr«on 3°30 Hopps 7 albi Road, Lafnvctto, California Thcj should not b. 

>1 to \}o l <htor 


Tl e ' on U o program arc r. mind d that papers presented at the meeting must be 
' ur ‘ tn tIr 1, ' ir,tan tmmediatoH after their presentation. If they are not ready at thnt 
t.r-e i! ere „ a d aoee that tl ei will not ho published m the Joctsai or TnopJicic Srrcn v 


Motion Picture Session 

>, V, lave 1 i-a n 1 to ‘hoy a limit 1 numb r of motion pictures to V s lccted 
1 itne la 1 Ttr , r* flrr 1 ee, tog, th, r with .1 vn P t«o mUr.nl concerning 

r,N ''" ! l ‘i l»r luhan lohn«on Innersitv Hospital 


1 r 


tal u 

1 


it ' 1 ( ' 


11 list 1 

I 1 1 1 


fori I’s 17 )oV, 

( 1 Il-tie I < , , .( pi. 
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It is planned to run the motion pictures in a smaller room at the same time as the 
scientific sessions If the films are well labeled, it will not be necessarv for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Membership in the Assocation must be reccued bj the Mem 
bership Committee not later than Dec 15, 1955, otherwise, the applications will be deferred 
for consideration until the 1957 meeting 

Applicants must be sponsored by three Active or Senior Members of the Association 
In addition to the signatures on the application form, the sponsors w ill forward a seportite 
lcttor concerning the applicant directly to 

Dr O T Clngett 

Chairman of the Membership Committee 
Mayo Cbmc 
Rochester, Minn 

Sponsors are reminded that new letters of recommendation must be forwarded to the 
Membership Committee should their applicants be held or or for reconsideration a second 
year 
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Table I Tentative Criteria for Diagnosis by Pressure Effects 


SEVERITY 

0 I 1+ I 2+ I 3+ [ 4+ 

Mitral Stenosis Effect — 

Left atnum mean pressure minus left 
ventricle earlj diastolic pressure (earlj 
diastolic pressure immediately follows 
the initial diastolic dip) (mm Hg) 

Mitral Insufficiency (or Incompetence) 

Effect — 

Left atrium V nave height, minus 
C wave height 
Aortic Stenosis Effect — 

Left ventricle systolic pressure, minus 
aorta or peripheral arterj systolic 
pressure 

Aortic Insufficiency —Not studied 
Left Ventricular Failure Effect — 

Left ventricle end diastolic pressure 
minus upper limit of normal (9 mm ) 


hydrochloride, 100 mg, mtramusculaily Limb electiodes were connecte or 
continuous monitoring of the electroeaidiogram on the cathode-ray osci o 
scope An indwelling needle or peieutaneous arterial catheter was place R> 
a peripheral artery, the lumen being kept free by intermittent flushing or wi 
a blunt stylus In 6 patients, a right heart catheter was also placed, throng 
an antecubital vein, for “pulmonaiy capillary” pressure determine ions 
simultaneously with the direct left atrium pressures The patient nas e, | 
turned to a prone position on the padded fluoroscopy table, and the s n o 
the back was scrubbed and draped The underside of the fluoroscope scr ®j- 
was draped with a sterile towel At a brief preliminary flnoroscopv, 
appropriate skin site for needle puncture was chosen, directly opposi e 
position of the left atnum, using a hemostat for a pointer This was usun J ^ 
the right seventh or eighth mtercostal space, at a point 2 fingerbrea 
4 y 2 cm ) to the nght of the spinous processes The skin and subcu an 
tissues were infiltrated with 4 c e of 1 per cent procaine, and then a me 
18 T thm-walled styletted needle was inserted It was directed an en > 
and inclined about 25 degrees obliquely to the left, so as to pass m ron o ^ 
spme by a nght paravertebral approach Contact with bone was avoice 
order to prevent periosteal paui , 

The position of the needle was checked fluoroscopically at a needle ep^ 
of 7 to 8 cm , and it was reinserted if necessary The left atnum "» s en e ^ 
at a needle length of 10 to 14 cm Bright red blood then issued, or cou 
aspirated easily A blood sample was withdrawn for blood gas men 
ments If dark blood was aspirated, then right heart catheterization was 
performed (thiee cases) The left atnum was then located, during eitne 
withdrawal or reinsertion of the needle 

Recordings of pressuie weie made directly from the needle, 
contour of the atual piessuie cuive at high sensitivity, using the a ^ 
PS 8AI inductance gauge, v ith Sanborn strain amplifier and direct v r 
recorder The needle was repeatedly flushed with heparinized 0 9 per 
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sodium chloride solution to prevent thrombus formation A plastic catheter 
was next inserted to gam access to the left a entncle and aorta The pressure 
was monitored during this maneuver, and no attempt aaas made to visualize 
the catheter fluoroseopicallv Seacral recordings Mere made of the pressure 
transition during withdrawal of the catheter through the aortic and mitral 
\al\cs If the aorta could not be entered, then recordings were made from 
the left acntiaculnr position simultaneousla inth the peripheral artery record¬ 
ing from needle or catheter The intracardiae catheter and left atrium needle 
Merc then aaithdraaan, haring been left in place 3 to 75 minutes (aierage 30 
minutes) The pressure gauges uere calibrated against mercury and water 
manometers Corrections uere applied to the aarious pressure measurements 
mi as to correspond with a zero reference lea el at the mtrn-atrial point of the 
needle Phasienl examination and chest films uere repeated at tuentv-fowr 
hours to detect possible complications 


results 

A comparison of the interpretations of pressure measurements with find¬ 
ings at operations and autopsies is recorded m Table H There was only one 
major disagreement in these respectiae diagnoses, using the criteria for the 
pnoperatne diagnosis as listed in the table 

In the (1 patients who also had simultaneous right heart catheterization by 
the \uious route, the pulmonara artcra wedge pressure corresponded closely 
to the left atrial pressure in both pulse contour and mean pressure lea el in 3 
<ases It corresponded onla with the mean pressure leyel and not m pulse 
wmtour in leases 


In 2 i iso. there was a definite anacrotic (upstroke) notching and delaa 
mi tin hr i< Inal arlera pressure recording, aet no sastolic pressure drop aaas 
present across the aortic aalac at left heart catheterization and no sastolic 
aorta thrill aaas palpable at operation Iloweaer in each ease of aortic steno¬ 
sis with sastolic pressure drop across the aalae there aaas some defornnta of 
tin hraihial artera sastolic peak 

Complications occurred m Patients I 7, .and 14 of the senes In Patients 


1 iml 7 the medic was first directed into the right hilum entering the pul- 
momra irt. ra Minor thud densities were sien later at the right bases on 


\ ia\ films At a tlmruentesis on Patient 7 J25 i e of blood was aspirated 
Ho nsamptoiiintn himothorax ileired spontaneousla thereafter m each of 
tins. 2 iasfs In Patunt 14 tin mi<llc was directed too far lephnlad enter¬ 
ing tlo h isg of tin aorta Mild signs of acute pi rieardml tamponade occurred 
lollow"! ba signs ind sanipt.mis ,.f .lironii tamponade during the next six 
u.As light lornardionntesis aure dom beginning on the second post test 
y Inmatol.igi. nhnornnlu.es wire found except a positiae tourniquet 
!• * (hittnpd Ind.) and slight bleeding of pingnai but the hemoperic lrdnun 
r. r.-s. d romei.bntdh will, aitai.m, ( -aitamni I’ treatment (GYP capsules 
r ' rf f)U,r 'd gran, morphine suheut incousla for 





Table II Comparison op Diagnosis op Valve Lesions by Various Means 
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relief of severe pleuritic chest pam after the test, although no evidence of or- 
tnmc cause is as found on repeated auscultation fluoroscopy, and x-rav films 
Vo emboli were dislodged, although there was lustorv of embolization 
prcviouslv during cardiotomi or postoperatn elv, m 6 patients Vo pneumo¬ 
thorax occurred There is as no evidence of esophageal injure 

Samples of pericardial fluid is ere sought foi studv at subsequent thoia- 
cotomv m 1G patients and in S of these the fluid contained hemoglobin 1 to 5 
(\m per cent 

The needle w ns unmtentionnllv lodged in vascular struetmes other than 
tin lift atrium m 10 patients as listed m Table III Vo complications resulted 
tlurefrom CNcept as prcviouslv noted Right heart catheterization through 
the needle \ns performed three times as a lesult of such location in the right 
atrium or a ena oav a, as an additional procedure 


Tmr ill MmiTiov u \ vsemvr Orcvxs Encocntei ei> vt Left Vtticm Pcnctcpe 


i vnrvT \o 

| sti i cTtrES 

i 

Superior vena etna aPo 
pericardial cavils (clear fluid) 

7 

Right pulmonarv arterv 

1-, 

Bn-e of aorta, aPo 

pcncardial eavitv (clear fluid) 

tr, 

Base of aorta 

ir 

Right atrium 

CO 

Right atrium 

24 

Intercostal nrterv 

12 

Right atrium 

14 

Right atrium 

so 

Right ntnum, aPo 

pericardial eavitv (cUar fluid! 


msccsstON 


1 stunalmn of the scveritv of valvular lesions hv standard clinical and 
1 tlmratorv tests mac sometimes he grossh in cnor Therefore, judgment of 
tin relinhihtv of the pressure tests must he hised on comparisons with surgi- 
<al diagnoses In means of liitracnrdiac and cxtracirdnc palpation and until 
uitopsv findings In 1 his serifs of eases, the comparisons shou good agree¬ 
ment fn all eases (except one) where an operation had been performed the 
di 'gnosis as to Ihc relative sevoritv of the multiple lesions and the decision as 

to tin proper surgical approach were correcth influenced In the pressure 
inti rprt tntmns ’ 


Tier, v i re several ummport mt dis, rejnm ics in the grading oi eases of 

minor imtrd msufiieienev and m one patient (Vo fil) a major lesion of nntr il 

HiMiflu o m v was not dcPcPd Tins error m , urred with lelatmh low left 

tmlm. m pressure ltM.mshh.h tint the specific pressure efiei ts oi mitral 

; ; ,r the left atrium ,s distended 

N- u !u t" r r VS " n ' ,<nsr ' lM ubar bid would 

,u *'" s i' r ’ s-nr. rise ir-mi a given n curgi, mt jt t 

\lthmu_h h. Pst fies ben, epnt, relnhle this v, r ,< s „„„ j, f nriht , r 

. . is to, pn.pir .valuation „i .1, iu.ost, c stwl ,ufc Them 
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FIs 


ESOPHAGUS 

AORTA 



1A—Cross section \Ie\\ showing atrial puncture needle directed too high entering the 

base of the aorta 



Fig IS —Cross-section riew showing the needle properly directed Into the left y, e 
Further adrance will encounter the right atrium (Fig 1 B reprinted by permission 
Editor Annals of Surgery ) 
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portmit factors of heart rite and i hi thm, pulmonnri blood lolume and vascu- 
1 ir distensihihti and cardiac output should be considered in measuring pres- 
sui c e ffects 

The pro< edme of transthoi acic left atrium puncture can be varied in many 
other nn\s to suit mdmdual requirements The technique of Bjork has been 
modified m this luboratoi \ so as to use fluoioscopic guidance of the needle 
With standard iluoioscopic equipment this lequnes use of the prone position 
fot insertion of the needle The pressure leeordings of this studi weie made 
m stub position It leeoidings in othei leclining positions are elesned the 
inedle alone can he icanned 0101 the flexible catheter and then the body can 
In (banged to the lateral 01 supine position A shift to the sitting position 
honour, results m a tomprcssnnr foice at the epicaidial or pencaidial sniface 
whuh can fhtten a soft polletlnlone catheter but not the stiftei Poll\mil 
( ithetei Nmh inanemeis were cmned out in 6 patients without eoinphention 



Tin tluonln d dingns of transthornn left itrium puncture aie man 
l-ut in. s.rious <..iim queue, s h.m resulted m this series of eases Altlnun 
t'n pirn mini . inti eommonh heemne contmmnited with blood netu 
t niipoti oh efl.cts (H.urr.d m onh ipitnnt when the base ot the aorta n 
, ” r "' h fr '” n ,Mr “ ml,nl < ' u,U 1,1 •'"''tiler patient when tl 

.".Mirr'ir """" I !r< "" ,,H ' ,,nn ' n n ° «r other eomplnnti, 

b qqn us tint tin like llho.,.1 „i . e.mplu .(.oils ,s M ii ill ,t the needle 
„/ *' »" tl" hit etnum tud espeenlh It th. n.,ti mid pi, 

. , ,‘ n ."""’V 1 11 1L " 1 - 1 Tin us. Of thiorose op\ ns , 

' '* l! " 1,11 l,r '">ob,m. issiuiK d to in i up\ tin ( ,Mtr,fare 








Fig- 2B —Diagram indicating shaded area as the position of the left atriumo Jon 
heart shadow The needle is directed from the point of skin entry toward the inters 
of Imaginary lines at the center of the heart shadow 
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fit: 3 —A 1 •'ft atrlnl pr« ««ure recording in a heart with normal \al\es (obtained during 
tight h irt enth't rltatlon \ia a patent foramen o\ale) 

I —\a ft atrial pre««ur« recording In a heart with a tight mitral «<tcno«d«s nnd no 
in till ci« nen 
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Fig 4A —Left atrium pressure recording in Patient C H. (No 45) mitral ?5 

Insufficiency showing the Immediate ascent of the V wave following the Cwa\e uue to i 
regurgitant pulse. 
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Fig 4B —Patient CH (No 45) showing the recording during withdrawal of ^ 
catheter through the mitral \al\e. The pressure difference during diastolic penw 
to stenotic obstruction at the \al\e 
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of the heart silhouette, and the needle bemg advanced towaid an imaginan 
point in the exact center of the two-dimensional image With the point of 
entry into the skin as used here, and an angle towaid the left of 25 degrees, 
both the bony cage and the lung weie avoided with the needle No case of 
pneumothoiax therefoie occurred The transthoracic method of heart cathe 
tenzation has so far been relatively safe 

CONCLUSIONS 

1 Sixty-one pressure leeoi dings were obtained at tiansthoracic left 
atrium puncture for diagnosis m 58 patients 

2 Left heart catheterization was perfoimed through the left atrial 
punctuie needle in 52 of these tests Diagnostic inteipretations vere com 
pared with a senes of observations at 26 later heart valve operations and 8 
autopsies 

3 Only one major disagieement occuned in these comparisons The 
pressure tests therefore appear to be reliable m the preoperative diagnosis of 
heart valve lesions 

4 Fuither pieeision should nevertheless be sought in the future hr 
measurement of cardiac output, which is a major factor influencing the 
quantitation of the various pressure abnormahties 

5 No fatalities nor lasting sequelae icsulted from the tests Theie were 
only 3 minor complications, occurring m 3 of the first 14 patients of the series 
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Discussion 

DR WILLIAM S BLAKEMORE, Philadelphia, Pa —I want to congratulate Dr 


Fisher on the work which he has pioneered m this country, and this paper in 


which he ha? 


* louci VJA LUC tiuin. M JUCil 410 11UO JJ1UUCC1 CU 11J. C-Ui-O J uuv*. r X j j 

pointed out the diagnostic possibilities of this test While working m Professor Crafoor 
clinic with Dr Bjork and Dr Malmstrom, we were able to develop an original met o o 
catheterization of the left side of the heart Later, Dr Schnabel and I further mo i 
the procedure and we now use three small catheters 

The first catheter is inserted through a No 18 thm walled needle into the left I ' unC ' 
and through the mitral vahes into the left ventricle A second cathetor is inserts m ^ 
the auricle and a third is inserted via a percutaneous needle puncture into the c m ^ 
arterj and passed to the aortic arch near the valve We ha\e used this procedure m ^ 
patients who were poor operative risks and m whom other routine studies for evaluation 
their cardiac disease had not proved the diagnosis There is some risk to this proc 
and Dr Bjork had one death m the senes he studied, and no haie had one death i° 
senes 

In a patient with pure aortic stenosis a lentncular pressure was recorded of 1 1,1 

Hg and an aortic pressure of 70 mm Hg The diagnosis of aortic stenosis was confirms 
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operation Interesting enough, when the card.ac rate changes in these patients the 
pro are gradient across the iahc decreases i£ the cardiac output remains the came In a 
patient with pure mitral ctenocic, it has been noted that the pressure gradient is mam 
t lined throughout ventricular diastole 

The fir-t sound is markedU accentuated in mitral stenosi 5 , and Dr Schnabel has at 
tr,hnted tin 11 to the closure of the valves dunng the steep nsc of the ventricular pressure 
The aortic curve does not coinctde evacth with the ventricular curve in the tune axis be 
mu-o the tip of the catheter was located in the arch rather thnn at the aortic valves 

Tn another patient with mitral regurgitation and no mitral stenosis, there mas n 
ns m the left auricular pro* urc dunng ventricular svstole, and an insignificant pressure 
gradient across the mitral valve during ventricular diastole 

A dflaved ri'c in the aortic pressure with the catheter placed at the level of the aortic 
v dii m iv lie due in some degree to aortic stenosis Mitlidravval curves with one catheter 
ia ording the pressure in the left ventricle, and another in the loft auricle, show thnt ns 
llu left ventnculnr entheter is withdrawn into the auricle the two pressure curves can be 
'uje rin jin td, confirming the nccuracv of this tvpe of recording It would therefore seem 
that llu* is n vorv reliable diagnostic method for determining mitral and/or aortic stenosis 
Me lmvi lieeau'e of the nsV involved, u=ed this procedure onlv when other methods of 
enrdine evaluation have not provided a precise diagnosis in patients who are poor opera 

li\i risl s 


1>1! Cl MtFNCF OH \l OOTtD, Stockholm, Sweden—I am sorrv I did not have a 
program of this mei ting before I left Stockholm ns I wanted to see if there was something 
I v i bed to discuss, and ns n result I have no slides Dr Fi»her's pnper and Dr Blake 
mor. « di cus nn are inter<«ting to me, as this method of recording was first earned out 
in nn «ervic. Me bad a few cases whore the clinical svmptoms led us completelv nstrav 
in dtruling whither insuiliciencv or stenosis wn 0 predominant, and for thnt reason this 
method \ as develop, d I want to correct one thing Dr Fisfier said, he snul that we did 
not u , tluornscnpv to judg< how the needle was introduced, but we nlwavs control this 
with tluoro'copv and, if neeos«arv, x rav photographs to sec vf the needle is m the correct 
J-oMlmn 

I think we have lmd npprnvimntelv another ion cases which hnve been explored, the 
total nurnlir is about joo \\, J m d one death That patient never should hnve been s U b 
ji ti d to tins procedure Me were unable to idenlifv n rather large shadow postenorlv, 
"hteh livl lien intcrpntid as n large auricle, but it proved to be an nneurvs m n t the 
1 i of the aortn which vn« passed bv the needle The patient went info shoeh because 
of it trajH riearlinl bleeding \ Hicce««fnl attempt was made to suture, but the patient 
dil rot n cover \\< lmd 1 ease of ratio r s C \, r , intrapleural bheding in tins s cnos which 
mei ilatid multiple aspiration and st T , j.todomnse streptokinase treatment Me do not 
Iron th. , vast cun of this 1 lending but the patient recovered from this complication nnd 
"i 11 rat'd on f< r mitral sii nosis nluwit two months afterward with complete <ni ccc .ss and 
' itl it nm plications 


Dir 

r 

-h , 

ft 1 
» r « 

V t 

J 


'Hh w, lien hnv. I».n some minor complications s Uc h n s small pneumotliorae, s 
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cur\ es showed that it was a definite mitral stenosis "We had to take the patient to the 
operating room, and at operation, when successful commissurotomy was performed, ire 
found that the two catheters had made a knot of which any seaman would be proud. 

DR A HEMMELSTBIN, New York, N Y—I should like to continue this di'cmsion 
basing it on our experience with S transbronchial needhngs of the left auricle Our 
experience has been with mitral disease, and I should like to show some slides to validate 
the recordings in the operating room as compared to recordings with intact chest wall. 

This slide is" a tracing made in the operating room bi an apparatus which enables 
us to use identical sensitivity manometer recording systems and to superimpose them *o 
that we get a tracing which is verv similar to the one in Wiggers’ textbook, which Dt 
Fisher showed In this patient with mitral stenosis, needles were placed in the left 
auricle, left ventricle, and aorta We see here the ventricular tracing, the aortic tracing, 
and the auricular tracing, and the hallmark of any stenosis is very obvious here in the 
gradient of pressure between auricle and ventricle during diastole This is a patient who 
had been operated on once before for mitral stenosis I would interject here that this is 
not a recurrence, since when we spoke to the surgeon who did the first procedure we 
realized that this v alve had not been opened 

This slide shows a transbronchial puncture m the same patient, done preceding opera 
tive intervention It shows a shghtlv damped ventricle tracing The needle is an IS 
gauge thin w ailed one, 50 cm long, that goes through the bronchoscope, and a catheter 
is passed through this into the ventricle The catheter is similar to the one Dr Fisher 
uses The auricular tracings are taken through the needle and are recorded with a much 
better frequency response Ye have a pressure in the auricle which is elevated, and it 
brings out the marked pressure gradient during diastole and the fact that these tracings 
are verv similar both m contour and absolute value to what we get in the operating room 
This slide shows the postoperativ e tracing in this patient done in the operating room 
One should be able to tell when a good opening of the mitral valve has been secured. Ion 
get rid of the gradient which here (during all of diastole) has been reduced to almost 
zero, and at the end of diastole, to zero 

We too have had the problem of the diagnosing of mitral msufficiencv, and in tin 
context I show the next case 

(slide) These are the transbronchial tracings, the nuriculnr tracings, and t 0 
v entncular tracings, to show that this patient had almost no diastolic gradient and there 
fore no significant mitral stenosis bv our criteria However, on the insistence of our 
medical colleagues, and some suspicion of our own—this is the first needling of t 
auricle we did—we proceeded to operate on this patient ^ 

(slide) Here is the tracing made in the operating room, showing that the gradient 
mitral stenosis is minimal, and when a finger was inserted into this patient’s auricle, 
problem was largelv one of insufficiency with no stenosis ^ 

I think it is extremelv difficult to diagnose mitral msufficiencv even bv tracing', an 
we have seen rather significant mitral msufficiencv which was not evident on tracing 
from the auricle 

DR CHARLES P BAILEY', Philadelphia, Pa—We, too, have been stimulated bv the 
report from Dr Crafoord’s clinic bv Dr Bjork and his associates, and with the direct ^ 
of Dr Donald Fisher we were able to start upon a similar program some month' ago 
would like to take exception to Dr Himmelstem’s saving that tracings taken m 
operating room are entirely reliable because, at least with our equipment and techniqu , 
there has been n great difference between them and the preoperative tracings 0 n 
bv this method We have come almost to discard measuring the pressure in the oper 
room for that reason Uiidoubtedlv the discrepancv is related to a diminished stroke oi 
put during the course of anesthesia and surgerv j 

In valvular disease, one frequentlv is hard put to decide what lesions are P re ^^ 
vvhat lesions are important, which to attack first, and which mav safelv be left n 
This method of investigation has been of great value to us, although we have carr 
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u o.« in n„h «. ]mtn nt- Then. m< on, death in thi- =er.e= occurring a 3 a* after left 
Ik ir t rath, t-oration Tins *ra« n patient with -eaere in-ufhc.cnct of the mitral aahe 
Vt in mortem tin death did not <«m in ana mi to he related to the procedure ' e 
ha\. had mm ral pitient- with fluid in the pericardium which iu' sanguineous h o are 
, r ,m Mir. that we know all about thi« complication became we haee limited this *tuda 
in p 111 < nt- who Wirt about to be operated on the next dne or the dn\ nfter 

Th.r. a a- om in-tame of inndeerteut puncture of the aorta, due to misdirection of 
\\, v„ m n degn c of tumntoma of the media-tinum and periaortic region re-ulted 
tmt it w i- in no a at 'i’n<iu‘- 

Viinntl' l'r Goldberg our phe-iologist has been doing simultaneous right heart 
i alb t« motion and lift lienrt i athetc motion thu- being able to measure not onl\ the 
rarbae output but the pn—uTe- on the left -ldc, and al-o the condition of the tricuspid 
ealu i ulmonnn cnpillnre ri-i-tanre of the lung, and thing- of that sort W e feel that 
tin pruei dun is ipnte «afe and reasonable and that it should be euiploacd more often 
i j- rmlia whin om i“ dialing with -u-pcctod multianlaulnr disease kie feel that Ilr 
i rafonrd and hi- group and Dr li-hor, who took the lead m this countre hnac certainla 
ginnu naira worth aahile tool for eaaluation of tlic«e problem® 

lih (WM( UtltOTT hmora l_niaer-ita —I admit there i* a difference between 
in mgs i iki n m the laboratoTT and m tin operating room but the-e are differences onla 
if d< _n i and loth tracings can be u-efulla correlated lie baa c been studaing t lie 

pri an in tin pulmonnra artora pulmonara aein and auricles at the time the chest i- 
nj* a Tin i Imai bun compared to preoporatiac cardiac cntlioter studies Tlie tracings 
obtiuiiid at tin time of open chc«t arc aariablc according to three basic factors fir—t, the 
lutralironrlual pri tin ptoduci d ba the aentilntora pre-uro of the anesthesia machine, 
taao tin din*- acting at the tune the pr,— tire v< taken and three the patient a position 
1 ti un- at ratline i itlntemntion and at the operating tabic avill parallel each other in 
tin tr contour \n ttitcrisiinj flntbng in tin- -luda of left heart pres-uTcs at the table, 
with coatri !h 1 i tnlohrontInal amtilntora pTes-ures Tanging from 7 tro to i mm Hg i- that 
tl 5 ih nut ire at non- pn s un - ari negnttae onla during the 7 ero or cxpiralore phase, and 
tlnn tin a waa haai a mgntiae rharacti ri'ttc of no more than 1 to 3 mm Hg M hen the 
t b'l ti'iwlii d aintilntora pn ure- art mcrea ed to ( 1 ) 7,ro at lb mm Hg and then to 
D- tin pn—nrt n idmg- in the pulmonnra aes-cl- normnlla parallel 
ntilntora pn — uri« This re pnn-c anrie- vointwhat in elifforent pul 
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We have had 30 cases in conjunction with Dr Thomas Burford at Barnes Hospital 
and I think a fen points of difference between our technique and Dr Fisher’s might he 
worth mentioning First, we do not use the Trendelenburg position, but in all instance 
have the patient lvmg on his right side We hai e not used the fluoroscope This has 
made the procedure rather simple and has allowed us to get more freedom of movement 
The left auricle has been entered m all instances In I case, the left ventricle was entered 
first and m 2 cases the pulmonary artery first, but upon withdrawing the needle it could 
then be passed into the left auricle After the auricle is entered, a polvethvlene catheter 
is inserted through the needle In passing the catheter through the auricle we have al-o 
had uniform success in passing it into the ventricle In 4 of these cases we were unable 
to pass the catheter into the ventricle These were m our first seven attempts Since 
then we have had no difficulty 

With regard to passing the catheter into the aorta, we did not attempt to do thi«, a* 
we felt that it added little to the chmcal impression we obtained We have had no 
serious complications and no incidence of bleeding or hemothorax. Interestinglv enough, 
there was a small amount of serosangumeous fluid at operation within the next 24 to 
hours This has been a very tiny amount of fluid, and no noticeable puncture could he 
seen in the left auricle 

I think I might summarize by saying that it is our feeling that the procedure « 
described by Dr Fisher is a simple one and very useful clinically, and that complicating 
it by adding additional factors would make it more complicated and bulkv ^ e '* 
can be done without such additional things 


DE GEORGE W B STARKEY, Boston, Mass—I should like to ask the author or 
any of the discussants of his paper how well their pre and postoperative measurement! 
of the gradient across the aortic valve, using the Bjork method, have correlated wit 
measurements of the gradient at the tune of surgerv, both before and after dilating t e 
aortic valve 

I should like to congratulate Dr Fisher for this excellent paper 


DR DON L FISHER, Pittsburgh, Pa (Closing) —The only answer I have to this 
last question is to cite 1 case, in which there was calcified aortic stenosis ^ At a F 
operative left heart catheterization test, the systolic pressure decreased bv <0 mra 
at the aortic valve At operation, the same pressure drop was determined bv passing ^ 
catheter down the aorta from above, through the opening of the aortic incision, an ^ 

a systolic pressure drop of 40 was obtained at the valve I was not able to mn 
operativ e recordings, unfortunately I do not have other such comparative tests reg 
aortic stenosis , „ 

We have, however, found in mitral stenosis a good qualitative correlation e 
preoperative measurements and tests at operation The test conditions appear 
the measurements For example, in one case of mitral stenosis there was a < 
pressure drop of 39 mm Hg at the mitral valve, preoperatively This patient 
sufficiently sedated, and was apprehensive At the time of operation, the prcssure^^ 
was 20 before finger fracture of the valve, and 9 afterward, with less than an i en 


on palpation of the valve he]p f D I 

Cardiac output measurements, study of the heart rate, and so on, wi con t 0 nr 
in the use of pressure recordings Body position mav have little effect on ® _ 

of the left atnal pressure curves We studied this m preoperative tests bv wit 
the needle over the catheter, leaving onlj the soft catheter m place Change o ^ 
lateral, sitting, and supine positions then was found to cause no significant c J^ n j jon 
contour of the left atnal pressure curves Exercise in the supine position cau'ec 
of left atnal pressure with increase of anv regurgitation effect 



V h \BOR \TORY AND CLINICAL EVALUATION OP OPERATIONS 
roll CORONARY ARTERY DISEASE 

Duid S Lfighmisger, 51 D (b\ d^ttatiox) 

Clevel.an'd, Ohio 


D L RING the pa^t taventa-three a ears Beck and his associates 1 ha\e established 
the principles of miproaing the blood suppla to the heart These are (1) 
the even distribution of blood ba mtereoronara arterial communications, (2) 
delation ot the coronara sinus pressure and (3) the addition of blood from 
outside sources b\ (a) estraeoronara communications and (b) artcnalization 
of tin i oromrs sinus 1 

In recent \enrs the importance of mtereoronari artenal communications 
as i niedinnism of benefit has become more apparent An appreciation of this 
imjHirtnme depends upon an understanding of the mechanisms bv ivhich pa¬ 
tients die from corotian arten disease There aie tvro tvpes of death 1 One 
tape follows e\tcnsiic degeneration of the miocardmm The miocardium gnes 
\ u ind heart failure dc\clops This tape of death has been called muscle 
ihnth The otlur tape of diath follows a break in the coordinated mechanism 
of the heartbeat The pumping action of the heart is destroacd and death 
ouurs lnimuliitd\ This tape of death has been called mechanism death 
The In irts of patients aaho die a mechanism death maa* slioav little or no de¬ 
cern ration of the maocardium No recent lesion maa- be found m either the 
irPrics or muscle' ' Presumable these hearts avere capable of continued 
lumtmn bad not a breik in mechanism occurred Analasis of 050 deaths from 
comnnra artrre disease reported ha Y.ator and eo workers’ shoars that about 
on per cent died from a lmah m mechanism and about 10 per cent died from 
he irt t tihm 1 \ttintion is directed to this large gtoup of patients aaho dcaelop 
i break m tin*«oordmatcel mu hnnism because something can be done to preaent 
this hn d 

Tin hi irts m m ma oi these an tuns an* capable of continued function pro 
nhd tin bn th dots not ex cur whereas in the other croup of patients nothing 
cm hi dune fu nstore mannrdium iftcr it dicencrites into sear 

Tin In irts in aahuli the coordinated mechanism is lost art clcctricalla 
mist ihk 1 aperutn til d{\ a he irt c an be made unstable and the normal mecha¬ 
nic n i m 1- riadila lust * I ic 1 is m clcttnM lrdiocraphic tracing winch w is 
1 ^ 111 ,r ' , ' 1 ' Mln i" "i <1 • h tt aentridc oi a normal dn^ lieart The electrode 
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was placed directly on the epical dmm These tiaeings showed uniform electrical 
potential dunng diastole and during the lepolanzation phase of svstole The 
‘S-T segment” of the complex is leeoided during the repolanzation phase 
If a portion of the ventricle is made anoxic by ligation of its arterial blood 
supplv, then the electiocaidiogiam is altered over this part of the heart 


NORMAL' 


ANOXIA 


TRIGGER ' 


REVERSE 

TRIGGER 



Fig 1 —Eplcardial electrocardiographic tracings from a dog heart. line * 

line 1 were taken from the same location In the descending area The complexes __ xlc 
were taken from the same location In the circumflex area O = oxygenated area **■ 


The S-T segment is elevated ovei the entile anoxic area and the ST 
segment is depiessed oyer the adjacent oxygenated aiea (Fig 1) This indi 
cates that dunng diastole the anoxic aiea is electrically negative as compare 
with the oxygenated myocaidium The aiea rendeied anoxic by aiterin 
ligation is shaiply demaicated fiom the pink oxygenated area Tins 13 
readily Msible The transition between bine and pink muscle is an extreme' 
nanoyy zone Measuiements from one zone to the othei yveie 10 to 20 mi 
lolts This indicates electrical imbalance betveen the blue and pmk areas 
of the heart and pioduees yyhat might be referred to as an electrically unsta) 
heart because it might fibnllate It is inteiesting to note that a uniform' 
anoxic heart such as is produced by clamping the intratracheal tube ^ 
penods of six to eight minutes is a lelativelj stable heart In this t'P° 
expei iment the heart becomes extiemeh blue and it does not fibnllate ApP 1-0X1 
mately 50 such expenments yyeie performed by me and none of these iea 
fibrillated At the suggestion of Di Beck a leyerse tnggei y\ns made >' 
injection of led blood into the descending lamus oi the enenmflox ramus 
of the left coionary artery Thus pioduees a pink tnggei in a blue iea 



LFIOHMNf.Fr 


OrEPVriON 5 FOR coronary xrtery disesse 


309 


the e piearelnl lends were negatne oser the blue areas compared to 
th< pink area The same difference in electrical potential mas produced 
rvept that the alterations even? reversed Stuh hearts became unstable and 
some of them went into aentncular fibrillation These experiments demon¬ 
strate that blue muscle m contact with pink or pink muscle m contact tnth 
blue produces currents which can make the heart fibnllate The dangerous 
area is in the plane of contact between the two areas This danger can he 
n due c*d be diminishing the difference m oxigen tension between the two areas 
and this can bo accomplished be establishing arterial communications between 
tin two areas The importance of intereoronarc communications is obvious 
This demonstration In experiment can be applied to the east majorats of 
people who die ironi eoronan nrters disease and it explains death occurring 
in hearts that show little or no disease 

The epnntiti of lilood lieecssan to present a break in mechanism is not 
largo 1 ekstem and associates base shown that in cierv experiment 4 ee 
ni additional blood per minute delntred to tlie circumflex area presented 
doth within one hour tollowing oimimflex arterc ligation In control dogs 
tlic mortality within one hour was 70 per cent following circumflex arterc 
ligation 

Int< reoronan arterial communications cm distribute blood cienh to all 
pirts of the msocardium and tints maintain electrical stabihu Nmet\~one 
p< r tint ot normal human hearts base no mtcrcoronan communications 
dnnonstrabh In injection studies' In nonnal dogs 00 per cent base insufficient 
ifiitnoromn coniniunu itions to pment death from circumflex arten ligation 
ind id per tint haie lnsufhe u lit lntoreoronancs to present death from either 
thsfaiding or right eoronan nrteri ligation 

1’erm me nt intereoronin irtenil communications can be produced In 
opcrition \ ir'oiis stimuli or eomlnnations of stimuli base l>een emploied 
it operation and reported hi Heek 1 


\ eju mtit Hue eidiiitioii oi mtere eironan arterial eommunieations can 
is rim.le in rIn Mnit7(.ngg bnktlow metiioil Tlic circumflex ramus of 
tii hit r iron in arten is hinted m ir Us origin and c mutilated distal to 
tic ii-iinn il m J> Tin irtori is perinsed with artcrnl blood b\ was of 
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capacity of the mtereoionanes, the greater will be the backflow After back 
flow measurements have been made the cncumflex perfusion is stopped The 
only blood that reaches the circumflex area of myocardium is that which 
flows across mtercoronary communications Electrocardiographic tracings, 
using lead aVn, are taken for a penod of nine or ten minutes after the 
perfusion is stopped Electrocardiographic changes aie graded according to 
the criteria of Eckstein and Leighninger 8 Changes of “two phis” or less 
are arbitrarily considered as showing evidence of protection Electrocardio¬ 
graphic evidence of protection correlates well wnth the one-hour mortality of 
70 per cent from circumflex artery ligation as found by Eckstein, 5 but 
shows greater protection than was found m the long-term mortality of DO 
per cent from circumflex artery ligation as reported by Leighninger and 
Dalem 0 



Fig: 2 —Mautz-Gregg backflow method Circumflex artery ligated and 
cannulated Cannula perfused by way of the carotid artery Blood pressure Jjr. oru \\Tien 
the carotid cannula Side arm from circumflex cannula Is clamped dun:ngpe atmospheric 

carotid cannula is clamped and side arm opened backflow blood flows a^ hlood Is c°‘ 
pressure. The end of the side arm tube is at the Ie\el of the heart. iincjm minute 
lected for a period of 30 seconds and expressed as backflow In cubic centimeters 

Backflow' determinations have been made on a group of 67 normal c0 "* 
dogs* The aieiage backflow' was 3 8 cc pei minute The range ^ 

0 4 cc per minute to 210 cc pei minute The median backflow' was ^ j )JC 

pei minute Twenty-fhe pei cent of the noimal dogs showed electrocardio D rap 
endencc of piotection 


Backflows from noimal dogs w'eie compaied with backflows 


obtained 


Daciiiiows ljiuiii iiuuuui uu"b wuie - - 

from 41 Beck No 1 operated dogs Operation consisted of abrasion o ^ 
cpicardiimi and pericardium, partial coionarv sinus ligation, application 


•Eckstein 10 studied 41 of these normal dogs 
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0 2 powdered a^tos and grafting ot the abraded pericardium to the 
surfue of the heart Backflow determinations were made from three weeks 
to one ceil after operation The aaerage backflow was 8 5 c c per minute 
The range was from 0 0 cc per minute to 26 0 cc pei minute The median 
was 7 0 ( e per minute Sixt\ flee per cent of the dogs showed electrocardio¬ 
graphic (\ idem i of protection The backflows for the Beck No 1 operated 
dogs are signiheanth difterent from those of the control dogs The probability- 
of stub a difference omunng In chance alone is greater than one chance in 
1 000 1 ue chances out of 100 is usualh considered statistical significant 

Thf Beck No 1 operation added an arerage of 4 7 cc per minute of blood 
to the circumflex area In wa\ of intereoronan communications Operation 
stimulated the growth of these communications Since thc\ persisted foi at 
least om sear after operation thee are considered permanent 


EFFECT OF ASBESTOS PARTICLE SIZE 
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bvuiimi It was responsible f or lowering mortalin to 2fl fl per cent following 
d'-Mi rnling irt.rv licU.mi in dogs prot,,ted In the No 1 operation Mortality 
in.n, d< < mime .rt. n he ttn.i, was- 70 per cent in normal dogs’ This 
Timmi of blond w is n.ponstbb for pns.nmg tin unbilitc of nnoeardmm 
toflownu wt.ri lie .turn ,s shown In the reduction In 70 per cent of mfmt 
M ' Ul luotxt.d fl.vs as mint ir.d with norm d dogs » 

„■ , " 1" ™ "-limn non iilirninl i,„] 

1 ' r* «-bs..v apph.d l„ th. sunn, n, ,I„ h( m ^ 
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the sinus was not ligated and backflows averaged 8 1 c c per minute In 
5 dogs the sinus was completely ligated near its ostium The average 
backflow was 5 5 c c pei minute In 41 dogs the sinus was partiallv ligated 
The average backflow was 8 5 cc per minute The rationale for including 
partial sinus ligation as a step m the No 1 operation includes the results 
of acute studies In Eckstein and associates 12 Elei ation of the coronan 
sinus piessuie followed immediately by cneumfley artery ligation lowered 
the one-hour mortality fiom this artery ligation from 70 per cent in control 
dogs to 35 per cent in the dogs with sinus pressure elevation The immediate 
benefit thus demonstrated probably accounts for at least some of the earh 
postoperative benefit noted bv some patients following operation 

Fig 3 eompaies the effect of asbestos particle size on the Beck No 1 oper 
ation m a gioup of 44 dogs The asbestos used in one gioup was finelv ground 
m a mortal and sifted through seveial layers of gauze In these dogs the 
aveiage backflow was 6 7 ec pei minute The asbestos used in the other 
gioup of dogs was eithei lightly ground in an ordinary household food grinder 
or used just as it was received from the manufactuiei The average bach 
flow for these dogs w as 9 1 c c per minute The coarser-ground asbestos is 
now standaid foi use in patients 


Pilot studies weie earned out in a gioup of 161 dogs following a vnnetv 
of operative pioeedures 

Forty-three dogs weie studied to determine the effects of the individual com 
ponents and combinations of components of the Beck No 1 operation The aver 
age backflow following complete sinus ligation was 11 0 c c pei minute McAllister 
and Leighningei 18 leported a 4 2 pel cent mortality followung complete sinus bgn 

tion in dogs One of Di Beck’s patients had complete sinus ligation alone This 

patient received an excellent lesult It has been shown previouslv, however, 
that, in combination with abrasion and application of asbestos, partial sinus 
ligation gave better results than complete sinus ligation Postoperative mor 
biditv in dogs following complete sinus ligation was slightly higher than 
following partial sinus ligation, eithei alone oi m the complete Beck No 
operation In 7 dogs the sinus was ligated to either 2 or 3 mm The average 
backflow was 70 cc per minute In 7 dogs the epical drum was abraded an 
backflows aveiaged 6 9 cc pei minute In 5 dogs 0 2 Gm powdered asbestos 
was applied to the surface of the heart The aveiage backflow was 5 7 cc 
per minute In 5 dogs the heart was abraded and asbestos applied The average 
backflow was 8 1 c c per minute In 5 dogs the heart was abraded and the 
smus ligated to 3 mm Backflow averaged 10 8 c c per minute In 5 ogs 
the smus was ligated to 3 mm and asbestos applied The aveiage hack ow 
was 8 5 c c pei minute The average backflow foi the 43 dogs studied vvas 
85 cc per minute Sixtv-eight per cent of the dogs showed electrocar m 
graphic evidence of protection These studies show that each of the coni 
ponents of the No 1 opei ation, either smglv or m combination, stimulates 
the growth of inteicoronary communications The differences found m Y 
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Mil lit M ncs are not statistic llh suniifkant The effect of the components 
v.i„n < i.mlnnol m tin eompht. op. ration houccer is not neecssnnU the sum 
of tin Ik noiit from < i<h 

Asbestos is a nituralh oceumne mineral composed niainh of silica and 
ni'U'tKsiutn o\ide mii ill amounts of aluminum and feme oxide, and traces 
fii „tlif r <ompounds Its phs steal properties and chemical composition \an 
l\ d< pcndimr iq>on whore it is mined Talc is similar m composition 
hut contains lamer quantities of silica It also \aiics in composition depend¬ 
ing upon alia, it is mined Pilot studies were made m a group of 4 ( 1 dogs 
using < oh of 1m i metits of asbestos or talc Each differed shghth m 
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of degeneiation winch stimulated the giowth of intei coionaiv communications 
Pioducts of degeneiation of the muscle stups applied to the siuface of the 
heart Mould be absoibed at least in pait In the hmphatics of the myocardium 
and any stimulus piesent could e^ert its influence The average backflow 
of 5 5 c c pei minute obtained m this gioup of dogs indicates that if such 
stimuli weie piesent then influence nas not gieat Theie weie 9 postoperative 
deaths in the 49 dogs tested, a moit-ahtj of 18 pei cent The average back 
flow foi the entne gioup of 40 dogs was 6 5 cc per minute FiftY per cent 
of the dogs showed electiocaidiogiapkic evidence of piotection 



F1b 5—Plastic cast of coronary arterj sj stem in a normal human h®® n un , 

rich Bjstem of small \ essels that •were present within the substance of tne ni> 
intercoronnrj communications were demonstrated 


the 

\o 


Most of the inteicoionaiv communications which result fiom °P ein 1 
aie piesent on the surface of the heart Theie esists, howevei, a uch s ' s ^ 
ot small artenes within the substance ot the mrocaidium (Fig 5) 
thought that the injection of a thin suspension of nntant into the mvoeau u 
might stmiulate the giowth of mteicoionarv communications between ^ 
ot these vessels Ten dogs weie studied (Fig 6) The aveiage batkfl 0 " " 
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(l .,s , , ]»i r mmut< S,m, p.r <ent of the dog, showed electroeanhograpluc 
, M,p>n( t of proteiUon Tlx postopentne morbidity m these dogs was 
|„„U Mun of the -logs showed distmbanccs in canliw ihMlun It was eon- 
.ludr-l tint nudum of the mitant into the imocaidium was no inoic beneficial 
„ Mll Mind ml operation It m.is also considetod moie dangerous because 
„f the moihuliti and rlnthm disturbances 
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410 root am 


1 f *—J„i«h l tr r« pr nt« 1> trkflou from on* otr P frullcatcH pr» noc of 
! ir - t U kr tphi«- i \ i I* n< of j rotation T)i» *-t tr in<lknt<« th* a\< rapt b ickflow for tbH 
f r (Up r f it, Tb« tt»l ri 1 In Unit * lb <i\tniL< b kKOow in control dop*» 


1!< nmi il ot tlu i pu'irdnnn hi ihcinunl iathet than incihamcil means 
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graphic evidence of protection While application of talc alone elevated the 
aveiage backflow above the average normal backflow In 11 ce per minute, 
the Beck No 1 operation elevated backflows bj 4 7 c c per minute 

Another attempt to impiove the blood supph to the heart is the im 
plantation of the internal mammary arterj into the substance of the mvo- 
eaidium Io Fig 9 shows the backflows obtained m 20 dogs in which the 
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Fig: 5—Backflows in normal dog's compared to backflows ^ r ^ m . ° nach dot or 

dogrs and dogs in which 4 Gm of talc was applied to the surface of the iiearu . troCfl rdlo- 
star represents the backflow from one dog A star indicates the presence ° backflow i°J 
graphic e\idence of protection The solid horizontal line is through the a '^*?i b pnr b group 01 
control dogs The horizontal dotted line is through the a\erage backflow lor e 


dogs 


mamman aiteiv had been implanted No attempt was made to cvca c 
“plnsiologie need” bv coionaiv arten occlusion It a coronan flit 01 ' ^ 
ligated 01 its lumen is 1 educed to less than 1 mm , giowth of intcrcoroi 
eomnnimeations is stimulated Unless laige quantities of blood were 
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, nhnted In tin 1 mnmman arters uratt it would lie difficult to evaluate the 
mmtion «u the prut in the presence ot these mtcrcoronaries In the dogs 
t.-U.d iuiktlows win oht lined tu.m loth the circumflex and descending 
(oroinn ir-tcni- with tin niatnman sraft hoth clamped and not clamped 
\m difTi relief in luckflow- with the sratt clamped and not clamped would 
nprc-Mit tin amount of hlood lontrihuted In the mamman artem graft 
\m filiation alwne normal backflows obtained with the mamm.in clamped 
umld indiiate the ilc\» lopim nt ot inti reoronari communications ns a result 
of iI k ojx nine manipulation The urnft was occluded In thrombus in a 
ui tlie JO do"s In none 01 thr dotrs was there a difierence in backflow from 
eithu tin dtsiendui" or imumthx arters with the graft clamped or not 
i limpid In none of tli do.:-, w is tin haiktlow sismficanth eleiated al»\e 
the iicrae* haiktlow oht lined irom normal dogs In 20 dogs the nieratze 
huktlow trom the iiruuntk\ arters was T SI ee per minute and from the 
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The Beck operations foi coronarj arterj disease haie been applied to 
240 patients during the past twenty tears Since Januait, 1954, only the 
present veision of the No 1 opeiation has been applied to patients Thu 
consists of abrasion of the epicardium and peiicaidium, partial sinus ligation, 
application of 0 2 Gm of powdered asbestos to the surface of the heart, 
and application of giafts of tissue, consisting of the abraded pericardium 
and of mediastinal fat, to the surface of the heart Seventj -five patients hare 
been operated upon during this sei enteen-month penod Theie were two deaths 
from thoracotomy alone, befoie am thing was done to the heart, a mortahti 
of 2 6 per cent There weie three deaths m the early postoperatne penod a 
mortality of 4 0 pei cent The total operative mortality was 6 6 per cent 
During this time onh two patients died subsequent to discharge from the 
hospital, a late mortality of 2 6 per cent 

The first-i ear late mortality has been calculated on the experience of 136 
patients operated upon between 1935 and June, 1954 Fiom time of dis¬ 
charge up to one jear after operation theie were 9 deaths, a mortality of C6 
pei cent The second-i ear late mortality was calculated on the experience of 
83 patients operated upon between 1935 and June, 1953 Fiom oneieai up to 
tw r o years subsequent to d seharge theie w r ere 4 deaths, a mortality of 46 
per cent The total two-veai mortalit} m patients tieated surgically was 
18 0 pei cent (6 6 pei cent opeiative mortality plus 6 6 pei cent first rear 
mortality plus 4 8 per cent second-yeai moitaliti) In 88 patients who were 
acceptable candidates for sympathectomy for relief of angina pectons hut 
who were not operated upon for nonmedical reasons 10 theie were 15 deaths 
the first year, 17 per cent, and 11 deaths the second rear, 13 pei cent, for 
a total two -3 ear mortality of 30 pei cent undei medical tieatment Mortaib 
undei suigical tieatment for a two -3 ear penod ivas 18 per cent n 10 
laborators wheie conditions can be conti oiled and made compaiablc it 
been shown that operation leduces moitaliti Piobabh no two gioups o 
patients aie stnctli compaiablc, eien if alternate cases i\ere selected o 
operation However, these gioups mai r haie some compaiable significance ai 
if so, it appears that a similar statement might be made concerning hunin 
patients 

In evaluating the lesults in patients, then pain and ability to " 
dunng the pieopeiatne penod liaie been compaied to pam and ahihti 
woik in the postoperatne penod Of 103 patients who were 6 months^ 
moie postoperatne and who could be evaluated, 90 pei cent ha'c c 
no pam oi maikecl leduction in pain and me bettei able to woik Somo^ 
these patients appeal to be eompleteh lecoieied fiom then smiptoms 
who liaie eialuated lesults in some of these patients liaic reported Mim 
results 1 1 

Tlicse lesults place suigical opeiation in a faioiable position f°' 
tieatment of coionni - } aiteiy disease 
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\ Sin in ijimU i'f 4t itlis lrom t mwi in artdi dm me an clue to unequal 
i.w _< n Oi»u "i tin uiM»< iriliuui n»ultinp m c It elm il liistnbihti of tlu heirt 
nil t In. lk m tin <nnr'linitttl nuthiniMii ot the heartbeat These lit irts 
\ . n jin sum ibh i lj'iliU ft «nntinned function hul not the he u the it been 

»1( st t*n\ i <1 

lntt rt .linn ir\ irtcml (I'lnmuim \tums if present tan eionh distubute 
bli.nd in iht limn irdiinn and pment the denlopment ot tdeetnti\ mstnbihti 
1 1n In lit \s lil 11 1 ns 4 T it per nnmite oi addition il blood to the niio- 
i i.hum InM.nd in «..ilvisicn t m sue life mid site mioenrdium from destrut - 
t lull 

ttjnritiM in inijiulntion of the heirt stimulates the dotelojuneiit of 
mti n nrnii ir\ irtcrid tommunu ltuuis lntercoion ir\ toiiumiuications re¬ 
sultin',. in.in i \arut\ tn opei itne nnnipulntions lime been o llunted In the 
M ut t.n h n hlliiw nit tlioil oi studi mid the re suits pi esented 

A 1 lit r< is no i \)>t rum nt il t Mtlt ut e to mdu ite th it nieilital ther ijn adds 

.a Mih.rnts i viii<_rl« diop oi blood to ischemic are is of imot mlnun The 

1‘ttlv No 1 ojorition ho\st\ci piotidcs the ecpmiltnt of \ trliisfusion oi 
_' S J t i nt uldiliond blood p» r houi to the nnoc irdiuin he\cuid the occluded 
■ iti niiiti' \ i ti r\ 

*> Hi. r.tk No 1 oi'tt it mu t<ln\es s\ mptnms to a significant degree in 
nun nil 1 ct tin (Mtiiiits Th. operatnt mnrt ilit\ is lbout fi (■ per cent The 
11 < ml ni <' jn i a in i mdu itt s th it opei ition prolongs hie 

1 1 bnritnrv lists mid thin, d lesults plue ojipration m a tnorihle 

p'lsUimi m th> t i itnnnt "i p itnnts with coion ir\ nttr\ diseist 
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maintenance of this piecise balance cluimg the period of mtiacaidiac surgeiv 
To obtain this cutieal balance, we have continued to use the single headed 
pump and have maintained equahti of flow m both cncuits thiough the use 
of special adaptors on each line ls Be means of these, the tension, and hence 
the internal diametei of the mbbei tubing within the pumping mechanism, 
can be vaned, this, m turn, lanes the output of the pump Minute changes 
m flow can be obtained and balance of the tw o cn cuits wo thin 1 e c m five 
minutes maintained In spite of pioper pieopeiative balance, imbalance dur 
mg surgeiy may occui due to obstiuetion of eitliei intake cathetei, especially 
m the supenoi and mfeuoi venae cavae To minimize the incidence and the 
giaie consequences of such a complication, blood reseiv oil’s haie been nisei ted 
m both cncuits The leseicoil's aie eonstiucted to eliminate the maiked nega¬ 
tive pressuie effect of the pump at the intake eatheteis which, pievious to the 
use of the leseivons, contubuted to the collapse of the cavae about the mtake 
cathetei, thus thiowing the cncuits out of balance and leading to possible 
exsangnmation of the donoi Instead of chawing blood dnectly fiom the 
recipient and donoi, the pump now chaws blood fiom the two leseivons and 
a constant flow r of blood to each peisou is assuied by the maintenance of the 
blood lei el in the resenon In addition, with this system either peison can 
be selectively tiansfnsed with a measuied quantity of blood at a rapid rate 
Thiough the mcorpoiation of such a reservon on the donoi-to-iecipient cir¬ 
cuit, the variable effect of the blood pressure head m the donor on blood flow 
rates fiom donoi to lecipieut has been eliminated 

Anothei souice of imbalance of the two cncuits may be the rapid loss of 
blood m the 1 ecipient, 01 opeiated peison Because of distoition of the aortic 
annulus in the open, collapsed heait, 01 because of the associated aoitic valve 
defects, the leguigitation of blood through the aoitic valve, and hence through 
the ventuculni septal defect may be so copious at times as to obscure the 
operative field completely This legurgitation may be eliminated for a 
short period bv the inteimittent occlusion of the ascendmg aoita by an 
encncling ligatme while stitches aie being placed m the ventncular septal 
defect It has not been established how well the diseased heait will tolerate 
such intei mittent coionaiy inflow stasis In the laboratory animal, it appears 
that the coionaiv aiteues can be occluded safely up to two minutes To com¬ 
pensate foi these periods of coionaiy arteiy occlusion, we have been following 
such penods of ascending aoitic occlusion by occluding the descending aorta 
m order to mciease tempoiaidy the piessuie ni the aoitic aich and mciease 
the coionaiy flow It is felt that this additional boost of coronary blood follow- 
mg complete stasis has been beneficial An alternate method of placing the 
ligatme on the ascending aoita below the coionarv aiteries is being explored 
at the piesent time This, of course will allow continued coionaiv flow during 
the periods of aoitic occlusion Peihaps occlusion of the aoita m this area 
will hampei piopei closui e of the ventncular septal defect 

In spite of these added safeguaids, we feel that it still would be beneficial 
to have an efficient but not too complicated, flow metei incorporated in each 
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circuit so that the exact rates of blood flow m both persons wild be known 
in am gn en instant 'Inch a flow meter is being der eloped at the present time 
A suitable donor w as not available in 3 of the first 6 patients y\ e consider ed 
for surgevr utilizing cross cndilation Looking foi a wav to eliminate the 
donor in such instances it was decided to imestigate the possibility of sub- 
stitutuig a laige lesemon of oxygenated blood foi the donoi mdividua n 
small patients with flow rates of 30 to 40 e c pei kilogiaiu pei minute 10 to 
20 liteis of oxygenated blood w ould he sufficient This was ui\ estigated and 
found to he successful m the laboratory and was tiled on one clinical case 
This patient del eloped y entricular fibrillation as soon as the ascending aoita 
was occluded and a normal late could not subsequently be restored 

At the piesent time the technique of conti oiled cioss circulation is not 
applicable to adult patients lequning open mtiacaidiac suigerv Possibly the 
use of oxygenated blood leseiyons can be utilized m spite of the fact that a 
large person will require a laige yolurne of blood e\en at basal flow rates 

closed techniques 

Because of the mheient difficulties pienouslr discussed m the presently 
axailable open techniques, means of repairing yentncular septal defects by 
"closed techniques” aie continuing to be sampled All these techniques utilize 
the pimeiple of approximating the pliable uiYOcaidial y\all between the aoita 
and right atniini to the loyver edge of the septal defect 

Closure of yeutncular septal defects bv the closed method aie best ap¬ 
proached through a light anterolateral incision through the third oi fourth 
mteispaces with tiansection of the sternum if necessaiy The supenoi and 
mfeiioi renae ea\ae should he isolated and an encnelmg tape put m place to 
provide foi tempoiarv yena carat inflow stasis m the eyent of hemonhage fiom 
the hypertrophied light ventricle oi to allow tempoiaiv collapse of the light 
yentncle foi easier appioxiniation of the edges of the defect Thiee yann- 
tions of the closed technique hare been employed expenmentallv and will he 
referred to is Tapes I II and III A \entneulai septal defect is first pioduced 
beneath the septal leaflet of the tncuspid yalre simulating as much as possible 
those defects found clinically Such defects frequently interrupt fibeis of the 
bundle of His and conduction airhvtlinuas usually lesult 

In Tvpe I (Fig 5) a purse string sutuie is placed m the anteuot boidei of 
the light yentncle m such a position that a large, blunt-nosed cur\ed needle can 
he introduced alongside the finger m the same opening The intiacardiac finger 
retracts the septal leaflet awa\ from the defect The end of the needle first en¬ 
gages the apical sutfacc of the defect one being exeieised not to include either 
the crisis supi-nentnuilnns oi the thoidac tendmeac The needle is then passed 
upw ml between the mmili of the tncuspid and aoitie y.ihes and exits tlirotwh 
live myocardium pioximnl to the -untie y die it its mnetiou with the light aunel'e 
The light auruulai appendage is letneted hteralh The othei end of the 
suture is then thrc.uhxl and passed m a smiilai m mnci so that a mattiess sutuie 
is so placed A sm ill piece of peneaidmm is placed on this sutuie and 



462 


THE JOURNAL OF THORACIC SURGER\ 



TYPE II 


z 

^ F*edte threaded 
on. end of 
suture no I 


Fig 6—Diagrammatic sketch of Type II method for closure of \entrlciilar septal 
defects Similar to Type I except for Introduction of suture along course of \entrlcular sep 
turn Direction and position of suture is determined bj the intrncardiac Anger (see text) 


TYPE HI 



Fig 7—Diagrammatic sketch of T\ pe III method for closure of Aentricular septal 
defects Similar to Tjpc I except for the approach through the left \cntrlcle rather than 
the right \entricle 
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slid down to the septal edge, so that the stitch is less likely to teal out Tiro 
to three such sutures appear adequate to close the defect The sutures must be 
placed in a longitudinal manner, rather than transverselv, so that the outflow 
tract of the left ventricle is not encroached upon The sutures exit posterior 
to the right eoronarv arterv The assistant then ties the sutuies outside the 
heart, over a piece of pencaidium, the degree of tautness being determined 
and directed bv the operator s intracaidiae finger This appears to be an eftec- 
five wav of closing such defects 

Tvpe II (Fig 6) consists of directing a suture thiough the ventneulai 
septum The needle is introduced just to the left of the descending coionary 
arterv, and is directed bv the intracaidiae finger to engage the apical edge of 
the defect and to exit as in the preceding technique The other end of the 
suture is threaded and passed m a similar manner The anterior sutures are 
passed through the pencardium and the ends of the suture are tied over a 
section of pericardium to lessen the possibilitv of the sutuies pulling through 
the mvocardium Because of the lelationship of the direction of the suture in 
relation to the defect, there is a tendencv for the suture to pass through the 
defect in a diagonal mannei so that when the sutuies are tied there mar be 
some impingement on the aoitie outflow tract This is lessened the further to¬ 
ward the apex the sutures are introduced antenorlv 

In the Tvpe H3 approach (Fig 7) the ventricular septal defect is closed 
ln a ma nnei similar to Type I, but through a left mvocaidiotomv opening 
Theoreticallv and expenmentallv, this appears to be a simpler approach, for one 
oes not have to contend with the chordae tendmeae and tricuspid leaflets on the 
p t side Practicallv, however such an appioacli would be difficult, because of 
1 e maccessibilitv of the left ventricle m the piesence of a hvpertrophied right 
ventricle 


RESULTS 

Although total experience in terms of patients has been small and the 
results m terms of survnal ha\e not been outstanding the benefits to those 
! nvo ' ed m perfecting techniques for the closure of ventricular septal defects 
Jive been outstanding To date elosuie has been attempted in onlv 6 patients 
u d ' ' dosed Tcbniques and 4 bv open techniques The 20-i ear-old girl who 
repair of a ventneulai septal defect bv closed technique m 1953 is 
ri'^hf aD< ^ at present time Although a murmur is still present, her 
40/4 Tcntnc ' dar Pressure has dropped from 80/3 mm Hg preoperativelv to 
v.as nim . P°stoperati\ elv The second patient m uhom a closed technique 
pati e ? P V >Ved dled of ventncular filn illation at the time of surgerv Three 
' ith U S haVG ,JCeU operated ll P on utilizing the controlled cross circulation 
(l0 ° n ° elosuie One patient died postoperatnelv after a successful 

rogurtnl t th ° ° the ' pat,cnt died at the timc of operation from excessne 
PronemuJ nn rr°, £ bl ° 0d through the aortic i ah e and septal defect as described 

donor ratT^ herC 1 h ^ e bCen "° d ° n0r deaths "though m the last, case the 
ereu a large blood loss consequent to excessne blood loss in the 
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lecipient One patient was opeiated upon In the open method employing a 
pump and a reservoir of oxygenated blood This patient had an extremeli 
large defect in a markedly hypertrophied heart 

DISCUSSION 

Obviously, the suigical lepan of ventnculai septal defects is not a closed 
chapter The technique of conti oiled cioss cn dilation and the substitution 
of a large leservoir of aitenolized blood m place of the donor individual piob 
ably offers the best appioaeh to mtiaeaidiac surgeiy at the piesent time 
The use of lij pothei mia has been disappointing The peifection of an ade 
quate pump-ovygenatoi piobably will supply the ultimate answer In the 
meantime, invaluable experience and knowledge aie bemg gamed by utilizing 
available techniques 

We feel strongly that the means of closing lentnculai septal defects by 
closed techniques should receive continued investigation, foi, if effectne, tliei 
aie geneiallv simplei than open techniques In such closed techniques, it is felt 
that the punciple heiein descnbed, of leconstituting the membranous ven 
tuculai septum bt imeision and appioxunation of the pliable caidiac nail be¬ 
tween the right atnum and aoita to the apical portion of the defect, holds 
promise 
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Discussioy 

DR G Q CAMPBELL Minneapolis, Minn —Human blood has been perfused through 
the isolated dog lung for as long as two and one half hours at a flow rate of 500 to 1 000 
c c per minute 

( c ltde) In order to minimize or preient the development of pulmonarv edema m the 
isolated lung, the following factors seem important (1) heparinization of the dog prior 
to removal of its lungs (21 open pulmonarv veins to prevent bach pressnre (that is the 
pulmonarv veins are not cannnlated) (31 deputation of pulmonarv arterv limb of tbe 
circuit to avoid high svstolic pressures m the pulmonarv circulation (4) \ entilation of 
the lung with c pressure of 16 to 20 cm. of water avoiding expiratorv resistance and (5) 
perfu-ton of large amounts (2 000 to 2.500 c c ) of dextran through the lungs at a low 
pulruomn arterv perfusion pressure trnetin pressure less than 20 mm Hgl to nd the lung 
of re'idual blood. An advantage of tbe “open” srstem as depicted here is the ease with 
which arterial return to the subject can be equated with venous aspiration from the sub 
ject This balance is maintained bi monitoring the level of blood in the plastic lung 
chamber if this blood level falls, one knows that he is returning moTe blood to the sub¬ 
ject than he is aspirating from the subject and the opposite is true if the blood level rises 
(^lide 1 This shows the isolated lung Rote the plastic cannula m the mam pulmonarv 
arten the large tube in the trachea, and the open pulmonarr veins 

(^lide) Rote the whitish color of the lung after it has been perfused with destran 
('tilde) This photograph shows the lung being perfused with human blood, and I 
l>elieve that the wide A V oxa gen difference is quite apparent 

Cardiac bvpass has been performed m four patients utilizing this tvpe of pump 
biologic oxvgenator, the longest bvpass period being foTtv nine minutes The onlv long 
term -urvivor among the four patients is a 123 pound bov with a traumatic LY S2D 
The three patients who died were (1) a child with tetralogv of Fallot severe overriding 
of the aorta in whom the LV *5 D could not he successfull' closed surgieallv (2) an 
adult with left ventricular nneun and mitral di-ease who died during the operative 
pro<edure and 1,3) a child with IYSD with reversal of the shunt, that is, predominantlv 
a nght to left shunt The method has worked well m all cases The blood leaving the 
1 'olated lung i- full' saturated with oxvgen and no abnormal sequelae directlv attributable 
to the b'pa's method were noted in the two shortterm survivors or the one longterm 
survivor 

In new of the sucees- of the method per s e , we plan to u-e this method m more 
patient- and in better operative risks Following the use of the pump-lnologic oxvgenator 
no hemorrhagic diathesis has been noted bleeding and clotting times are normal 


HR MF1 A IR M RFW MAR Brookhn R I —The team working in Dr Clarence 
Hum- laboraton at the 'Rate Eni'ers.t' of Rew York has perfected a succcs-fu! heart 
lung machine "Inch has Wen used experimental!' for the creation and repair of atrial 
aul nntncular defect- under direct vis lon The details 0 f the apparatus were described 
mo t rt eintl\ at the "ociet' of Enner-itv «urgeons meeting at Houston in Februan 

( ? , r °; ,nn I ‘ ,Ctur ; ) , Her " ■' t,,p nght aentncle The animal ,S on 

frfu-ton "Itl. the heart and lung- complete!' h'passed The pulmonic uhe can 

" 11 UI> h " rt the 'al'e down below I entncular defects were made in tuo 
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" a ' s (1) bj the cork borer technique of Knv, Thomas, and Blalock or (2) In direct 
incision, of the septum b\ a sealpol A finger could bo passed rendilj into the icntnclo 
through the defect 

Blood flows m the animals were maintained nt between 300 and 1,700 ml per minute 
There were 12 surxnorb of the 14 animals in which \entncular septal defects were pro 
duced and repaired Some derangement of the blood clotting mechanism occurs infre 
quently after perfusion and remains unexplained 

DB J C CALLAGHAN", San Francisco, Calif—In considering the problems con 
cerned with the closure of intraventricular septal defects, I would like to tell vou brieth 
of an approach that Dr Gerbode and I have been testing experimentally in the Inboraton 
nt Stanford University m San Francisco We have been impressed with the difficulties of 
maintaining an extracorporeal circulation, without complication, in smaller animals and wo 
beliei e that in the future pump oxigenator systems might be more difficult to manage m 
the infant and small child We wish to compliment the Minneapolis group on the success 
ful clinical application of cross circulation to this problem In the long run, howei or, 
another simpler manner of maintaining the circulation for short periods of time must be 
found To reduce this to its simplest form, we are in the process of developing a form of 
reservoir circulation which will function without using a pump We hnvo been able to 
perform i entnculotomy in the dn heart, using grant! alone to maintain pressure in the 
sistemic circulation The \enous blood used m these experiments was oxygenated in 
specialh constructed plastic bags 

(Slide) In other experiments in which we wnshed to lia\ e a greater outflow, we have 
omitted the grantv effect to see if we could, bi just squeezing the plastic bag, ninmtain 
circulation adequately, and again we found that we were successful in maintaining cir 
culation simph In using gentle compression of the transfusion bag In the human hand 
to develop the required pressure 

(Slide) This shows the rate of oxigenation of blood by simple agitation with an 
oxygen bubble in a plastic bag, showing that 85 per cent saturation is obtained from 
venous blood at the two minute level and that all saturations were over 90 per cent nt the 
end of four minutes, at the end of ten minutes all were about 93 per cent saturation 
Satisfactory saturations at four minutes of agitation nllow the use in the circuit of cai al 
outflow blood collected in plastic bags containing oxigen, extending the time element after 
an initial four to live minutes’ dependence on the reserioir blood alone We haio used 
this experimentally as a method of oxygenating blood 

The next sbde shows an experiment in which we were able to maintain sistennc 
pressure of 80 to 100 mm Hg m a dog bv arterial flow from a plastic bag The upper 
portion of the graph shows the effect of taking pressuro off the plastic bag and changing 
from bag No 1 to bag No 2 Each transfusion bag contains the amount of blood calculated 
at 25 to 30 c c per kilogram of body weight for one mmuto of circulation Two bags mni 
be emptied in a one minute period, but this represents the upper limit of flow, npproxi 
nmtelv one liter per minute Using low flow rates that have proved successful in clinical 
cases bi others using controlled donor circulation, we feel that, this method could be used 
on small children idenll\ and projected to children weighing up to 20 kilogrnms, npproxi 
mateh 5 to G years of age We present this as a simple method of approaching this ieri 
complex problem, and as vet it is too early to cynlunte 

DR C WALTON LILLEHEI, Minneapolis, Minn—Direct vision for lntrncardinc 
surgical procedures improves the quality of the surgen performed, and for this renson it 
appears likelv that the blind techniques will be progressive!! discarded I am hnppi to 
see our former colleague, Dr Cross, as well ns Drs Kn! and 7immermnn, in the inngunrd 
of the groups making this transition from blind to open intrncnrdiac techniques 

It was just one year ago, nt this meeting, that our group reported the first successful 
closures of ventricular septnl defects Wo utilized diroct vision suture closure of these 
defects with total bvpnss of the heart and lungs, maintaining the patient during this inter 
ial bi means of controlled cross circulation Phvsiologicalh, this technique has proved 



KA\ ET AL VENTRICULAR SEPTAL DEFECTS 


467 


to be superb, for once the circulatory systems of the patient and the donor have been 
linked together, and the patient has been assured of a continuous supply of oxygenated 
and otherwise perfectly adjusted blood from his donor It is unlikely that a technique for 
total cardiac and pulmonary bypass will be developed that, for the patient’s safety, excels 
this one In utilizing cross circulation, howey er, one must be prepared to accept Tespon 
•ability for the well being of the normal, healthy donor 

(Slide) To date, 41 patients have had their heart and lungs totally bypassed for 
periods of from five minutes to forty minutes, utilizing the technique of controlled cross 
circulation The clinical use of this method has been confined entirely to complicated 
septal defects, either ventricular or ventricular pathology associated with atnal defects 
These 41 patients include our entire experience with this technique There has been no 
donor mortality, and only one senous donor complication, previousli reported, with com 
plete recovery 

All operations ha\e been done at normal bodi temperatures to obnate the crippling 
effects of hypothermia upon ventricular conduction Systemic perfusion of the patient has 
been earned out at substantially reduced rates of flow (one eighth to one fourth of the 
normal resting cardiac output) based upon the azygos flow experimental studies There 
has not been a single instance of cerebral, hepatic, or renal dysfunction attributable to 
these low flows Appreciation of this low flow concept, because of the simplifications in 
methods made feasible, has been the most important single factor responsible for this 
progress Twenti fi\ e patients hai e had ventncular septal defects closed, with seven 
deaths Preoperativelv, all these patients have been seriously ill, and have had pulmonary 
hypertension. The pulmonary pressures for the entire group averaged 75 per cent of their 
systemic pressures The first five patients have now been recathetenzed four to nine months 
after corrective surgery, and in all five (100 peT cent) there has been complete correction 
of their shnnts The pulmonary pressures in three of these five patients have already re 
turned to normal Numbered among these patients proved cured bv recathetenzation and 
with normal pulmonary arterv pressures now is a 5 year old girl who weighed 11 kilograms 
at the time of surgery and wlio had severe pulmonary hypertension due to three separate 


ventricular defects Six of the seven deaths have been m infants, but of the 16 senously 
ill infants operated upon, 10 were successfully treated There have been no deaths due to 
lentncular fibrillation, complete heart block, air embolism, hemolysis, or hemorrhage 

Our next largest group subjected to direct nsion curative procedures consists of 
patients with Fallot’s tetralogy In this group, 10 patients, all consecutively operated 
upon, have had their ventricular septal defects closed and their infundibular pulmonic 
obstructions resected, with four deaths All six sumiors have normal color and normal 
femoral arterv oxygen saturations, and are asymptomatic postoperativelv The first two 
\ patients have now been, recathetenzed, and one patient still has a small left to nght shunt 

h 'gh in the right ventncle, the other boy has completely normal oxj gen contents and 
pressures on nght heart catbetenzation Preoperatively, this latter boi, a desperately ill 
15 month old infant, had a femoral artery oxygen saturation of 25 per cent, which is now 
ho p<; r cent Also numtmrgq among the cases successfully managed bv these curatne 
lechniques are a 22 month old girl with complete atresia of the mam pulmonary artery and 
E 10 'ear old boy with tetralogy of Fallot in whom simultaneous atrial and ventricular 
cnrdiotomiey were performed for correction of his defects 


a remit of these gratifying experiences, the curative operation has been adopted in 
our clime o« the method of choice for all patients with the tetralogy of Fallot defect who 
am in need of surgery at this time For lesser degrees of disability, we recommend no 
ipical operation at this tune but, Tather, periodic re evaluation in the clinic 
Mn Tlt " e does not Permit a discussion of the remaining types of defects successfully 
b ' ‘ he ' e tcchm< l ues > bu t 1 call vour attention to the fact that the ntno 
t( tr, ' f communis defect, contrary to some published opinions, is a correctable de 

rostopomn/g” rr , (15 m ° ntl " a 2 tb!S defeCt h8S nmv been ^^etenzed 

a nre^ , ;. ? sW TPmaias aad the Plenary artery pressure bas decreased from 

p Pmt, ' c h, eh Of QO/oO mm Hg to 20/4 mm Hg This child is also normal clinically 
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The value of relying upon a simple physiologic method for intracardiac surgery is 
attested to bv the fact that the last 14 consecutive cross circulation curative operations, 
all carried out m seriously ill infants or children with ventricular septal defects or 
tetralogy of Fallot, have been performed with only one death 

Moreover, these experiences have led to the development, at our institution of two 
other simple techniques for total cardiac bypass based upon these same general principles, 
but neither of which requires a donor Each of these two techniques has permitted 
successful direct vision repair of ventricular septal defects in man. These two methods 
are (1) the use of a heterologous lung oxygenator, described by Dr Campbell, and (2) the 
use of continuous perfusions by means of artenalized venous blood from a reservoir, to be 
described m tomorrow's program by Drs Warden and Read 

In closing, I should like to emphasize that the feasibility and practicability of the 
direct vision approach to intracardiac lesions is so convincing that I would venture the 
prophecy that coming months will see a progressive increase in its application, not only in 
congenital heart disease, but also for acquired heart lesions, eventually replacing blind 
techniques with few exceptions and making surgical management possible for conditions 
now quite hopeless 

DR EARLE B KAY, Cleveland, Ohio (Closing) —Sufficient evidence has now accu 
mulated to demonstrate that ventricular septal defects may be a serious threat to life 
With the more precise diagnostic method afforded by cardiac catheterization and the 
greater interest in carefully following such patients, the progressive disability noted by 
many such patients becomes obvious Efforts should be directed, at the present time, to 
determining the exact indications and contraindications to surgical therapy, the optimum 
age for treatment and to perfecting surgical techniques 

There are many aspects of the problem that cannot be duplicated in the laboratory 
The purpose of our paper was to present our clinical and experimental expenence in the 
closure of such defects employing various techniques and to illustrate the manner in which 
the defects are most effectively closed Undoubtedly, several methods for closure, de 
pendent primarily upon the size of the patient, will be evolved 

With reference to Dr Newman's motion picture, I would like to point out that the 
myocardiotomy is better placed if directed from the atrioventricular ring to the apex, 
rather than through the pulmonary outflow tract so that significant coronary vessels are 
not severed with resultant myocardial ischemia 

Also, as pointed out m the paper, the method shown by Dr Cooley of placing the 
suture through the ventricular septum is likely to close the defect in a diagonal manner 
which results in incomplete closure and likelv partial occlusion of the aortic outflow tract. 



EXPERIENCES ‘WITH SURGICAL REPAIR OF 
ATRIAL SEPTAL DEFECTS 

Elton TT atkins, Jr , IID and Robert E Gross, IID 
Boston, Hass 

S URGICAL closure of congenital defects in the atrial septum has proved to 
he a useful procedure which benefits severelv incapacitated patients Our 
experience with the operation over a period of three years since 1952 has per¬ 
mitted the evolution of a number of refinements contributing to the ease of 
management of this condition. The refinements have been reflected in a fad¬ 
ing morbiditv rate In the last fourteen months, mortality has been due ex¬ 
clusively' to advanced complicated disease The present communication 
describes the manner in which these changes have occurred 


present indications for operative repair of a defect 


Clinical and laboratorv findings leading to a diagnosis of atnal septal de¬ 
fect have been reported previonslv bv others 1 Our present indications for 
operation were selected earlv in onr experience when it was obvious that the 
procedure was nskv because of unsolved technical problems The indications 
were (a) persistence of incapacitating svmptoms despite optimal medical man¬ 
agement , (b) persistence of serious cardiac enlargement and pnlmonarv conges¬ 
tion, or (c) catheterization evidence that right ventricular output was more than 
twice left ventricular output Bv such indications patients were selected who 
had either set ere limitation of actvntv or signs of impending difficulty due to 
enormous shunting through the diseased septum 

The use of catheter evidence of a great shunt has been strengthened bv 
our recent experience with several adults m earlv middle life These patients 
hue tolerated enormous shunts without serious tiouble through their eaih 
vears onlv to develop intractable congestion as cardiac reseive diminished 
Thev haie had a stormv postoperative comalescence Improi ement of exer¬ 
cise intolerance has not been as rapid as in the a ounger patients JYhenei er a 
large atnal septal defect is suspected cardiac catheterization should be per¬ 
formed to obtain precise figures as to the magnitude of the shunt so that opera¬ 
te e closure of the defect can he accomplished before serious congestion 
develops 

IVe haae derived useful information from the calculation of svstemie blood 
flow pulmonary blood flow and shunt blood flow Although the figures arc 
probabh onh rough estimate^ they are accurate enough to giCe \aluable clinical 
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mfoi mation about the volume of shunting and the existence of pulmonarj 
\asculai obstruction Most individuals with large defects will shoe elevated 
pulmonar arten pressure despite normal pulmonary \essels because such large 
lolumes of blood are being forced through the noimal -vascular bed These 
patients must be differentiated from the raie individual who has actual anatomic 
constuction of the pulmonary arterioles The differentiation can be made only 
by the calculation of pulmonaiy blood flow and calculation of the ratio of 
blood piessuie to blood flow m the lungs 

We ha\ e also found it useful to correlate the i olume of shunting, as calcu¬ 
lated from catheterization figures, with the x-rav evidence of pulmonary con¬ 
gestion and cai diac enlargement When the volume of shunting is large but the 
lungs are not senously congested and the heait is not greatlv dilated, the patient 
toleiates operation well because the heart is still compensating efficiently for 
the increased burden In contrast, the individual with serious pulmonary en¬ 
gorgement and cardiac dilation, but with a shunt flow of smaller magnitude, 
tolerates operation pooily and develops peculiar caidiac difficulties after 
repan 

The presence of harsh systolic murmurs along the lower sternum has been 
a danger signal to us indicating the existence of either a low-lynng defect (the 
so-called “ostium primum” defect) with associated tricuspid and mitral 
valve defoimity 01 a ventricular defect with tricuspid \alve insufficiency 
Cathetei studies cannot usually differentiate these malfoimations from the 
higher defects amenable to suigical closure 

PINOPERATIVE MANAGEMENT 

These individuals present all gradations in the seventy of congestive 
heart failure We have not seen a patient with an uncomplicated defect 
whose condition could not be improved to the point of good compensation 
foi the penod of surgical intervention by such conventional measures as 
the limitation of fluid and sodium intake and meicurial diuresis We have 
not hesitated to give digitalis m the preopeiative penod but only for clear- 
cut indications of congests e heart failure We prefei to discontinue digi¬ 
talis foi seveial days immediately prior to opeiation because we have had 
fatal asystole in other types of patients on digitalis who had received calcium 
injections at the time of operation Calcium has proved valuable m counter¬ 
acting the transient myocardial weakness observed frequently dm mg repair of 
the defect, and ve would like to use it -without the danger of svnergistic action 
between calcium and digitalis 

Antibiotics have been given to suppress respiratory infection We have 
not seen serious nutritional deficiencies The poor body development m these 
patients is piobabh related to a deficient left ventricular output and has not 
been influenced by special diet Small doses of quimdine have reduced the 
incidence of caidiac arrhythmias during operation The drug has been con¬ 
tinued aftei operation for sev eral v eeks 
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TECHNICAL PROBLEMS AT OPERATION* 

Followm 0, development of the atml vrell operation, it became evident 
that the mrordv of defects Me saw could be closed by a simpler method of 
Itnmng from the outside surface of the intact atrium Our technique 
and experience with both methods have been described m detail- 

X reserve the Me of the atnal well for those malformations 
which cannot be closed bv the e-rtemal stitnre technique becanse of etther 
large size or autenor position in the septum In our hands the veil 
proved to be a versatile method for handling such defects but m our last 




Fig 1 —Classification of the tvpes of atrial septal defect found in 43 operations 1 
Common atrium (2 cases) - Endocardial cushion defect (4 cases) 3 Inferior defect (5 
case*) 4 Mid atrial marginal defect (17 case*;) s Superior marginal defect (15 cases) 
The dotted lln*» passing between the coronar> *inu<t and the central fibrous body sen.es to 
locate th*> ntrio\entrlcular conduction ^‘dem. 


10 patients onlv 3 defects were tvpes wlneh -would haie required use of the 
itrial veil In one of the patients an erroi vis nnde in not applvmg the veil 
Death followed attempted closure of a large defect In the otliei two patients 
associated tricuspid regurgitation resulted in such a high atrial piessure that the 
well could not be applied Commonh the defects we haie seen haie been 
looted hich and posterior m the atrium near the root of the right pnlmonan 
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eins The prepondeiance of dorsal defects has led us to develop a simple 
classification of surgical anatomy Each class presents unique characteristics 
and problems in surgical management 

SURGICAL ANATOMY OF ATRIAL SEPTAL DEFECTS 

Although the 43 defects evaluated at operation have varied greatly in size 
and shape, they tended to fall into five general categories, depending upon 
their location in the septum (Pig 1) Certam orifices have been multiple or 
slit shaped but surgical management was similar to the repair of a solitary oval 
defect in the same location 

1 Common Atrvum —In this heart the septum was absent except for small 
ridges along part of the margin of the common atrial chamber There was no 
deformity of the atiioventncular valves This type of malformation was 
present in 2 out of the 43 cases 



Fie 2—Right atrial \iew of an endocardial cushion defect The defect is 
base of the tricuspid \alve The septal cusp of the \al\e is absent. Superior to the aeira-i 
there Is an incompletely closed foramen ovale 


2 Endocardial Cushion Defect (the so-called "ostium primum” defect) — 
This defect was located anteriorly m the atrial septum immediately above the 
tricuspid and mitral valves In every defect there was an associated deformity 
in the valve cusps belov the defect The defect w as characteristically small, 
measuring from 1 5 to 2 5 cm m diameter It v as frequently separated from 
the upper atnal septum bv a prominent ndge of tissue so that the orifice entered 
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into a small vestibular chamber isolated from the mam cavity of the right 
atrium. Above this duninutii e antechamber, a foramen ovale was found, fi e- 
quentlv bearing a second defect (Fig 2) 

We prefer to classifv this defect as one of the endocardial cushion because 
it is 1 elated not onlv to inadequate fusion of the pimutive atrial septum with 
the endocardial cushions (the anlage of the mitral and tricuspid valve rings) 
but also the incorrect maturation of the endocardial cushions themselves This 
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tempting to convert the left atrium into a small closed chamber into which blood 
regurgitates without any passageway for decompression through the surgically 
closed defect 

Dissection studies of the atrioventricular conduction bundle indicate that 
this specialized tissue makes up the inferior maigm of the endocardial cushion 
defect Anim als have commonly shown serious conduction disturbances and 
death w hen this bundle w as ti annuitized with needles or cut 

The endocardial cushion defect should be differentiated at the time of opera¬ 
tion fiom the following type of defect, the infeiior defect, which it closely 
resembles The inferior defect piesents an entirely diffeient picture m the 
ease and value of surgical closure 

3 Inferior Defect —The inferior type of defect was located close to the 
inferior caval orifice The right atrial chamber is shaped like an inverted cone 
with a broad superior surface bearing the superior caval orifice and the right 
atnal appendage Infenoily the caval onfice extends through the full diameter 
of the narrow chambei Consequently, defects low m the septum near the m- 
ferioi caval onfice extended through the full diameter of the chamber and lav 
in close juxtaposition to the tricuspid valve ring and coronary sinus They 
resembled the endocardial cushion defects m position, but there were certain 
important differences (a) the atrioventricular valves -were fully developed 
and valvular incompetence was not apparent, (b) the defects were larger 
than the endocardial cushion defects, langing m diametei up to 4 0 cm , (c) 
there was no evidence of a foramen ovale or fossa ovalis palpable superior to 
the defect, (d) there was no evidence of tissue ridges or antechamber forma¬ 
tion superior to the defect 

The adequate development of the atnoventriculai valves is of considerable 
significance to the surgeon since there is no -valvular regurgitation which might 
conti amdicate the conveision of the left atrium into a high pressure chamber 
without outlet through the defect The well-developed annular rings form 
a broad shelf suitable foi the placement of secure sutures 

As the surgeon palpates these defects of the inferior tvpe, certain features 
allow differentiation from the endocardial cushion defect (a) large size, (b) 
absence of regurgitant jets at the mitral and tricuspid orifices, (c) a smooth 
residual septal suiface above the defect without fossa ovalis or prominent ridges 
The absence of a separate fossa ovahs suggests that this defect results from 
imperfect development of the septum secundum during embryonic life 

The inferior defect does resemble the endocardial cushion defect in its close 
pioximity to conduction tissue m the tricuspid valve ridge We have been ab e 
to close these defects with a feeling of safety only after certain landmarks "ere 
found which allow the surgeon to guide sutures away from the node tissue 
We have seen the inferior tvpe of defect 5 times in our 43 cases Hence 
it tends to be about as common as the endocardial cushion defect 

4 Mid-atrial Maigmal Defect —The commonest tvpe of defect we encoun 
tered was one located near the posterior margin of the atrial septum 
adjacent to the roots of the right pulmonary veins about midway between t ie 
two cai al orifices It w ns present 28 times m our 43 cases The c ose 
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pioxmutv to the dorsal maigin of the atnum anti the position well awav from 
the eaval onfiees lender these defects paiticulaih suited to closiue hr the 
external suture techniques Difficulties m surgical closure stem fiom the large 
size of the defect (up to 4 0 cm m diameter) and the thin fnable character 
of the anterior remnant of septal tissue 

5 Superior Marginal Defect —Next to the mid-atnal marginal defect, this 
deformity was the most common It has been present m 15 of our 43 cases 
The lesion tended to be smallei than the mid-atnal marginal defect and lav in 
close proxinntv to the supenor caval orifice External sutuie closure must be 
made m such a manner that occlusion of the superior cava is avoided '>'■ e 
have seen no anvthmias suggesting injure to the sinoauriculaT node during 
closure of these defects and have not carried out anatomic studies locating 
the structure 

llajor associated conditions have been divided sharplv among the tvpes 
of defects Tme pulmonarv vascular obstmetion has been seen only with the 
mid-atnal marginal tvpe of defect Possiblv the large size of this malformation 
results in tiemendous blood shunting eailv m life thus predisposing to pul¬ 
monarv vascular obstruction Anomalous diamage of the light pulmonarv 
leins into the right atrium has been seen onlv with defects of the mfenor 
and supenoi marginal tvpes The eecentnc position of the defect m relation to 
the nnd-atrial location of the anomalous vein orifices presents some difficultv m 
surgical management Deformities of the mitral and tricuspid \ alves have been 
present onlv in defects of the endocardial cushion tvpe The inferior tvpe of 
defect differs from the endocardial cushion defect in the absence of valve 
deformitr, but resembles it m the proximitv to the valves and atrioventricular 
nodal tissue 

Lesions suitable for closure bv the external sutuie method have been the 
mfenor, mid-atnal maigmal, and supenor maiginal defects The endocaidial 
cushion defect mav pro\ e suitable for closure bv external suture but the asso¬ 
ciated calve defoimitv introduces senous problems after closure The common 
atnum tvpe of defect w ould seem to require some tvpe of prosthesis or tissue 
graft to acoid atrial and calc e-ring distortion The occurrence of the inferior 
tvpe of defect, which is suitable for closure In palpatorv methods, indicated 
the neeessitc for dissection studies to locate the ntnoventncular node and 
bundle and to determine whether or not landmaiks could be found to enable 
the surgeon to a\oid the stiuetures dunng external suture closure of the mfenor 
defect 


SURCICVL \ NATO Ml OF THE ATRIOVENTRICULAR CONDUCTION SYSTEM 

A senes of normal hearts and hearts bearing atrial septal defects were 
dissected In the technique described by AVidran and Lei « This series m 
chuhd the heart of a patient who had died during the couise of an apparently 
uncomplicated closure of a defect when a suture had been passed about a 
nnjor left bundle branch of the conduction si stem The rapidh deteriorating 
ourse of this patient immecbateh following the onset of nodal rhvthm on 
1 mp ot suture further indicated the hazard of node mjurv 
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In the normal heart (Fig 4), the mam atnoientnculai node, the mam 
bundle, and all bundle blanches lie below a line connecting the Thebesian 
valve to the central filnous body in the tricuspid annulus Septal defects of 
the types m which the oiifice lay well above this lme (supenoi and mid- 
atnal marginal defects) presented a consideiable remnant of septum contam- 
mg no specialized conduction tissue Defects of the types in which the onfiee 
lay along 01 antenoi to this lme (inferior, common atnum, and endocaidial 



Fig 4—Dissection study of the atrioventricular conduction Bystem In a normal heart 
of a newborn Infant. The tricuspid valve (TV) has been partially excised and the atrlo 
ventricular node ( N) exposed beneath the right atrial endocardium The main bundle passes 
to the right from tne node to bifurcate Into left bundle branches (divided) and the right 
bundle branch which passes downward to the right ventricle (KV) A dotted line passing 
from the coronary sinus (CS) to the central fibrous body ( CFB) forms a landmark line above 
which conduction tissue is not found The coronary sinus and central fibrous body may be 
palpated at the time of operation A probe patent foramen ovale ( FO) Is present. 



pig- 5 —Dissection study of the atrioventricular conduction system In hearts with atrial 
septal defects 1, With a defect of the superior marginal type (Type 6 ) the conduction 
system is located well away from the lower margin of the defect. The line connecting the 
landmarks of the coronary sinus and central fibrous body Indicates the most superior limit of 
any conduction tissue £ With a defect of the endocardial cushion type (Typo 2) the entire 
orifice of the defect Is located below the line In such a defect the atrioventricular node 
makes up the Inferior margin of the orifice. 
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cushion defects) all had conduction tissue in the anterior edge of the defect 
Definition of this line bv palpation at operation should peinnt evaluation of 
the position of the specialized conduction tissue 

It was found that both the Thebesian a ah e and the central fibious bodv 
could he palpated easilv bv the exploring fingei placed in the atnal appendage 
at the time of defect closure The coronal v sinus onfiee is located at the 
anterior edge of the inferior a ena caval onfice The Thebesian valve feels 
like a taut paper-thin ndge over this onfice YThen the finger is swept up¬ 
ward from the Thebesian valve along the septal segment of the tricuspid a alve 
annulus, it comes to rest naturallv in the eonmnssure between the septal cusp 
and the infundibular cusp of the tricuspid valve At that point the central 
fibrous bodv presents on the surface of the tncnspid annulus as a pitted de¬ 
pression 2 to 3 mm in diameter Location of these two points permits onenta- 
tion of the position of the conduction svstem which lies antenor to the line 
The atrioventricular node and entire bundle ai e located at the margin of the 
endocardial cushion tvpe of defect The mferioi tvpe of defect, on the other 
hand, mav present onlv a small segment of nm close to the node and adjacent 
segment of bundle The remaindei of the bundle and its branches will lie 
antenorlv and snpenoily deep in the well-formed superior renmant ot atrial 
septum. The anterior portions of the bundle and branches are moie variable 
in location than the node and adjacent segment ot bundle, so persistence of the 
superior septal remnant greatly simplifies surgical management Definition 
of the landmarks and connecting line is now used routmelv dm mg the exploia- 
tion of all atrial septal defects 


SPECIAL TECHNICAL PROBLEMS IN CLOSURE OF DEFECT BY THE 
EXTERN AL SUTURE METHOD 

Of the fi\e groups of atnal septal defects, the three groups located pos- 
tenorlv m the septum (infenor nud-atnal marginal and supenoi maiginal) 
vere best suited for closure bv the external suture method Since these three 
groups make up 86 per cent of the defects in oui expenence the external 
suture method has been most commonlv used Each of the three groups 
presents special problems m closure 

Inferior Defects —In the closure of tins tvpe of defect we have made use 
ot the method of defining the position of the atnoventi lcular node The tn- 
^uspid an< j mitral a ah e annuli are well formed and create a broad shelf suitable 
or placement of sutures Once the position of the A-Y node is defined sutures 
ron he passed into the left atnal side of the shelf more on the mitral annulus 
an the tricuspid annulus This molds the conduction svstem which lies be- 
'Kath the endocardium on the nght atrnl side of the shelf 

After extensive mobilization of the left atnum inferior to the light pul- 
nmnan \ems sutures mav he mtioduced into the left atuum infenorly near 
I'P °t the defect This manemer has the ndanntages of ehrnmat- 
,'j'" 510 P^'bihu ot inferior ea\al obstruction, of plaemg the least tension on 
X , IC sutur ° line and of creating a suitable are for passage of the needle out- 
*' n after it has traAersed the antenor lip of the defect After placement of 
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the most inferior sutures in this manner, the succeeding sutures pass moie to 
the right of the nght inferioi pulmonary vein, thereby creating a suture line 
which curves upward around the vem Neither the vein noi inferior vena eaia 
is obstructed The steps m this method of lepan aie shown m Figs 6 and 7 



Fig 6—External suture closure of an atrial septal defect of the inferior t>pe 1 Posi¬ 
tion of the patient on the operating- table 2, Following exposure of the heart, the auricle Is 
explored through the atrial appendage to e\aluate the type of defect present If a Tj pc 3 
defect Is present the right phrenic nene Is mobilized and the pulmonary ligament and perl 
cardium are divided posteriorly 3 Retraction of the lung and posterior pericardial flap pro¬ 
tides exposure of the posterolnferlor aspect of the left atrium near the defect 

Mid-atnal Marginal Defects —The septal remnant anterior to this large 
defect may be quite attenuated Care must be taken to atoid teanng of sutuies 
In large defects we place all sutuies befoie tying so that all sutures may be 
tightened to distubute tension etenly A useful instrument has been de 
signed to push the atnal wall downwaul to meet the septum in those cases 
where the right atrium is greatly dilated with blood If the other digits of 
the palpating hand aie passed behind the atnal appendage into the grooie 
occupied by the aorta, the atnal septum may be pushed postenorly, separating 
it from the ascending aorta and lelievmg tension as sutuies aie tied 
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letract it upward with an encircling tape so that sutures may be placed towaid 
the left atrial side of the right pulmonary veins m a mannei similai to the 
closure of the inferior type of defect The method of closiue is shown m Pig 8 



Fig 8 —External suture closure of an atrial septal defect of the superior marginal 
t>pe 1 The usual pericardial opening Is extended bj complete mobilization of the superior 
\ena ca\a from the pericardial reflexion The defect Is explored and the position of the 
atrio\ entricular node defined A traction tape Is placed about the superior \ena cat a 2 In 
ferior sutures are placed to the right of the root of the pulmonarj 'eln A finger passed 
behind the atrial appendage into the aortic groote pushes the septum posterior^ to compress 
the orifice of the defect and push It awa> from the ascending aorta which lies behind the 
right atrium Retraction of the superior \ena ca\a compresses the orifice of the defect and 
facilitates the placement of sutures 3 Superior sutures are passed into the heart through 
the left atrial wall to a\old occlusion of the superior ca\al orifice -J The defect is closed 
b> a Buture line which cur\es about the orifice of the superior pulmonary ^eln 


ANOMALOUS PULAIONARY VENOUS DRAINAGE WITH ECCENTRIC DEFECT 

Since anomalous drainage of the right pulmonary 1 ems into the light atrium 
has been associated exclusively in om experience with mfeiioi or superior 
marginal defects, the ieins haie diamed into the atrium some distance in- 



481 


WATKXnS AST) GROSS ATRIAL. SEPTAL DEFECTS 

fenor or supenor to the orifice of the defect AVe have found it useful to in¬ 
sert a small tonsilleetomv knife through a pure-strung suture in the vail ot 
the right atrium Under control of the palpating finger, this knife is used 
to enlarge the atnal defect upward or downward so that the enlarged orifice may 
be sutured to the nght of the transposed veins This maneuver collects the 
anomalous venous drainage and obliterates the mteratnal communication at 
the same time It is useful to define the landmarks of the conduction svstem m 
pla nnin g the location of this incision so that the enlarged defect and following 
sutures can he located away from the node 


POSTOPERATIVE iLAXVGEMEKT 

Patients have presented few special problems in postoperative care Each 
patient receives quimdme An indwelling eatheter is used to measure nnnarv 
output aecuratelv at hourlv intervals The measurement is useful during the 
first few postoperatn e davs in determining whether or not the patient is retain¬ 
ing flunk If this is the case, it may be anticipated that the patient will de¬ 
velop a peculiar svndrome of transient left ventricular failrne The failure 
is presaged by the retention of fluid and gain of weight during the first few 
davs after operation Between three and fourteen davs after operation, such 
patients have complained of pain and tenderness in the right upper quadrant 
Definite signs of hepatic enlargement then appear X-ray studies at that time 
have shown pronounced enlargement of the left atrium and progression of the 
pulmonarv congestion which was present before operation. 

The syndrome must be recognized promptlv since it is accompanied by 
electroMe derangements and bemodilution due to retention of fluid The fall¬ 
ing hematocrit must not be interpreted as an indication for blood transfusion 
Transfusions will increase the blood volume further and aggrai ate the condi¬ 
tion Plasma volume studies indicate the tiue picture—a constant red cell 
mass and rising plasma volume with resultant reduction of peripheral 
hematocrit 


Arrvthmins are frequent during this period The most common disturb¬ 
ance is auricular flutter Conventional methods of medical therapy hai e been 
emploved but the most valuable therapy m management of the arrhvthmia has 
been directed toward control of the underiving congestive failure The 
arrvthmias tend to disappear spontaneous!! once compensation is achiei ed 


Our difficulties became less frequent once we began to shape our im¬ 
mediate postoperative care m anticipation of a period of transient failure 
Huid intake has been limited in all patients The afrebrde adult receives 
a maximum of 1 300 c c per dav ^odinm intake has been restricted. Blood 
replacement has been gauged bv loss measured at operation and through 
tnoraeotomv tubes AA'e haie used mercurial diuretics without complications 
o ha\e not restricted the use of blood transfusion during operation or durum 
the immediate postoperatn e period, but have routmeh gneu 20 to 50 cc 
m ' i per cent glucose mtraienouslv immediateh after operation We haie 
frequenth observed mild hvpotension during the immediate reeoaera period 
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When tins is unaccompanied by oliguria and signs of penpheial vnsculai 
collapse, we aie not very much concerned, hut senous hypotension accom¬ 
panied by oliguiia has been tieated bv transfusion Digitalis has been gnen 
if signs of congestiye failuie aie seen When the 1 equnements for blood 
replacement appeal greatly in excess of operative blood loss and chest tube 
drainage, vasopressors have been valuable adjuncts to tiansfusion 
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\\ ATKIN'S AND GROSS ATRIAL SEPTAL DEFECTS 

Studies by our associates suggest that the transient left ventricular 
failure may be related to the altered conditions under which the left ventricle 
» functioning after operative closure of the atrial defect* -^operative 
studies indicate that an atrial septal defect impairs filling of the left ventric e 
bv acting as a rent through which blood is shunted to the Ion-pressure venous 
system Since the left side of the heart is unable to maintain an adequate 
diastolic filling pressure, left ventricular stroke output is diminished and the 



Flp 10 —Chou X m, of children with atrial septal defects and after operative rennir 

lion there Is no evidence of left xtntrlcuIar fTi h.re Tl^nlT 1 I-our ', a >* nt ‘ er open- 
monU,« after operation the heartT£Su TuncTeUs 4 be ' en 
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ventricle remains small at all times It seems logical to assume that the 
diminution of left ventricular volume oxei the period of yeais prior to closme 
of the defect would impair the growth of the left ventricle and impose an 
unaccustomed burden upon it immediately after the defect is closed at opeia- 
tion We have had occasion to see several autopsy specimens m xxhich the 
left ventucle was diminutive in the piesence of a large septal defect The 
mitial valve was hypoplastic and a pathologic diagnosis of “mitial stenosis” 
had been rendered although the valvulai deformity was obviously not of 
iheumatic ongm 

Postoperative Embolization —Disconcerting neurological changes liar e been 
seen in 3 patients Piesumably thrombotic emboli had broken away fiom the 
left atnal surface of the defect repair In 2 patients, transient mnioi changes 
weie gradually resolved In an 8-yeai-old girl, coma and decerebrate changes 
occuned suddenly twenty-four hours after an uncomplicated external suture 
lepair of a mid-atnal margmal defect closed by a U-shaped suture line This 
closure may have left an appreciable diverticulum of excluded right atnal 
chamber in communication with the left atrium Death followed the develop¬ 
ment of serious electrolyte disturbances Autopsy could not be obtained 

We can piove no definite cause foi embohzation, but believe that minimiza¬ 
tion of tissue trauma and ax oidance of appreciable depressions m the left atnal 
suiface of the defect closuie vail reduce the incidence of such complications 
Pulmonaiy embohzation has not been seen 

RESULTS OF OPERATION 

We have performed exploiatorx operations on 46 patients with a pieopeia- 
tixe diagnosis of atnal septal defect In 3 patients, the diagnosis of atnal 
spetal defect was in eiror despite cleai-cut signs and adequate pieopciative 
catheterization studies The common cause of this enor was a ventricular 
septal defect with tncuspid leguigitation which could not be differentiated fiom 
an uncomplicated atnal septal defect by pieopeiatix e studies 

The remaining 43 patients had an atrial septal defect In the first consecu 
tne group of 22 patients, there weie 9 deaths Six of the deaths xxeie due to 
technical errors winch haxe proxed axoidable with inci easing experience In the 
last 21 patients, there have been 4 deaths Two deaths followed attempted 
closure of endocardial cushion defects with pronounced xalxulai defoimitx 
Two deaths were due to immediate congestixe heait failure following uncom 
plicated closure of mid atnal maigmal defects with advanced pulmonaiv 
x aseular obstruction None of the pioeeduies weie complicated by axoidable 
technical enors Consequently, we now legaid defects with associated ana¬ 
tomic xalxe deformity oi with adxanced pulmonary xaseular obstruction as 
not amenable to lepair bj our present methods 

The diagnosis of time pulmonaiv xasculai obstruction can be made bx 
adequate preoperatixe catheterization studies True pulmonaiy xaseular ob¬ 
struction must be differentiated fiom the common innocuous pulmonarx hxpei- 
tension due to tremendous floxx thiougli a normal pulmonary xasculai bed 
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vrvrKixs and gross atrial septal defect* 


Differentiation can tie made onlv bv calculation of pulmonnrv arteriolar re¬ 
sistance or some similar index based upon the ratio of pulmonarr mean 
arterial pressure to pulmonarr blood flow Normal rallies for these indices 
hai e been published 

AVe do not know of anv wav short of digital exploration of the atrium 
to diagnose the endocardial cushion tvpe of defect with valve deformitv Its 
presence mav be suspected m the patient who presents lower sternal thrills 
and harsh sistolic murmurs in the absence of catheterization evidence of an 
associated ventricular septal defect 

Ve hare not performed postoperative cardiac catheterization studies 
during the time of the hospitalization for operation because we believe that 
the patients should be lestored to full actmtv prior to evaluation of the re¬ 
sults of operation In one patient this policv has been supported by the re¬ 
appearance of a sistolic pulmonic murmur some time after discharge sug- 
gestins reopening of a small shunt A small shunt was present at the time 
of late postoperative catheterization 

Mine patients have been eatbeterized Six children have been studied 
Complete closure of the defect has been demonstrated in four In 2 of our 
earlier cases there is evidence of persistence of a greatlv diminished shunt 
It is also encouragmg to see a pronounced difference between right atrial 
pressure and left atual pressure after operation in all patients with closed 
defects The rise of left atrial pressuie (“pulmonary capdlaiv” pressure) 
with the reduction of heart size and pulmonarv congestion indicates that 
closure of a defect allows the left atrium to fill more effectively under a higher 
pressure A\'e hope that this will allow the left -ventricle to fill more effleientlv 
and to develop normalh after operation 

The success of closure of defects in the adults cannot be evaluated from our 
present data because we have selected chieflv those patients suspected of 
residual shunting for earli catheterization Of 4 such patients the shunts haie 
been onl\ slighth reduced ui 2 Tedueed to one-third in one, and eompletelv ob¬ 
literated m one The last patient has shown a rise of b mm in pulmonan 
capillan pressure 

Clinical improvement has been striking All patients haie reported an 
increased exercise tolerance and relief of svmptoms Alanv of the voungei 
patients with large shunts were reponed as asvmptomatie prior to operation 
but the degree of their incapacitv became obvious to the parents onlv after 
surgical repair allowed the children to compete efficients with then- schoolmates 
at plai Com aleseence m the adult patients has been slower than in the 
children 


The characteristic murmurs of atrial septal defect haie altered after 
operation but persistence of some tvpe of pulmonic murmur lias been seen in 
several children whos c detects have been proied to be repaired bv catheteriza¬ 
tion The murmur mac be related to anatomic defomutv 0 f the large pul- 
nmnan vessels s lnC e it tends to dimmish gradually with growth of the patient 
The persistence of apical diastolic murmurs has been a more reliable sum mdicat- 
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mg the persistence of appieciable shunts aftei opeiation Tins type of miunnu 
has disappeaied m patients in whom complete closuie of the defect has been 
accomplished 


SUMMARY 

1 Surgical repan of atrial septal defects has pioied to he a useful pioee- 
dure m our hands 

2 Arhitiaiy indications for operation weie selected eaily in oiu expen- 
ence to include only those patients wuth consideiable evidence of disability oi 
impending difficulty fiom large shunts The indications w’e haie used aie 
(a) persistence of incapacitating sjunptoms despite optimal medical manage¬ 
ment, (b) persistence of serious cardiac enlargement and pulmonary congestion, 
or, (c) catheterization evidence that right ventuculai output was more than 
twice left ventricular output 

3 The common location of defects along the posterior margin of the atnal 
septum has made it possible to utilize external sutuie methods exclusively 
duinig management of oui last thnty patients The atnal wall method is 
moie versatile but is not necessary foi the repair of most defects 

4 A classification is made of the surgical anatomy of foitytlnee defects 
obseived at operation This classification has been made wntli the intention of 
differentiating those low r -lying defects associated with atnoventuculai vahe 
deformity fiom defects without valve deformity lying neai the inferior vena 
cava Senous regui gitation with the formei type of defect has been aggia- 
i r ated by surgical repair The latter type of defect is amenable to suigical 
repair but presents technical difficulties m the danger of mjuiy to specialized 
conduction tissue m the atrioventnculai node and bundle This tissue may be 
located by palpation of two landmarks within the atrial chambei—the valve 
of the coronary sinus and the cential fibious body Conduction tissue is not 
found posterior to a hue connecting these two landmaiks 

5 When a defect lies near a caval onfice, it is useful to employ sutuies 
introduced mto the heart thiough the left atnal w r all This molds constnc- 
tion of the caval onfices by suture 

6 Postoperative management of patients has been complicated on occa¬ 
sion by the appearance of transitoiy left ventricular failure All patients me 
placed on a prophylactic legime of fluid limitation during the immediate 
postoperative period. Digitaks and mercunal dmietics me given if failuie 
develops Anythmias have been common in patients dunng this period of 
failure 

7 Cathetenzation evidence of the success of closure of the defect is not 
complete Evidence of a rise of “pulmonary capillaiy” pressuie after success 
ful closure of the defect indicates that opeiation impioves the diastolic filling 
of the left ventncle 

8 Dunng our last twenty-one consecutive cases, deaths lime occuned 
only m the piesenee of ad\ anced disease—advanced pulmonaiy aascular 
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obstruction m 
two patients 


two patients and serious atrioventricular valve defomutv m 
We now legard these conditions as contraindications to defect 


closure bv our methods 
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Discussion 

DB CHARLES P BAILEV, Philadelphia, Pa —There is reallv not much to be added 
to this presentatioa of Dr Gross and Dr Watkins We performed the first atnoseptopexv 
operation in 1952, in Februarv, and since that time have operated on 73 more patients, on 
whom this technique or some modification, was used Among them were 57 with so-called 
'cptum secundum defects There were 5 deaths in that group With 3 exceptions those 
who hare been reeathetenzed—about two thirds of the entire senes— have been proved 
to hare complete closure of the defect We operated on 17 pnmum defects and we have 
a mortalita there that I am ashamed of—more than 60 per cent Therefore, we have stopped 
operating on septum primum cases We have used the supine position rather than the lateral 
position which Dr Gross has used, and have found it quite satisfactorv Six of these 
patients presented coexisting mitral stenosis and this lesion was relieved at the some 
time, 3 of these lesions were found madsertenth dunng the performance of mitral com 
missurotomv from the right side This approach, of course, makes it convenient to repair 
the defect at the same time In 16 cases there was anomalous pulmonarv venous drainage, 
in all but 2 to the right lung One of these was limited to the left side and we did not 
do anvthing about it The other was a patient with complete anomalous venous drainage, 
whom we operated on in two different stages One patient had anomalous right venous 
drainage and no septal defect You saw the method Dr Gross used for diverting the 
anomalous right pulmonarv venous drainage into the left atrium, and of course we used prnc 
ticnlk the «ame method But in this instance there was no septal defect After due con 
siderntion we created a posterior septal defect and then sewed the nght atnal wall to the 
antenor margin of the created defect, and in that fashion we rerouted the venous blood 
from the nght lung into the left atnum 

I cannot congratulate Dr Gro=« enough for Inc efforts to demonstrate exactlv where 
the common conduction bundle lies That i« a eera important landmark Up to now we 
hnu been guided 'olele bv the location of the coronarv s,n u s ostium and have tned to 
keep our suture line nhoee the anhc I nfortunateh, in 4 of our 16 pnmum cases we did 
interrupt the conduction bundle '-ince 3 of the-e 4 patients died, no thought it was a most 
siriou. accident in contrast to certnin other more favorable reports of recoven- after 
surgical dnmon of the conduction s\ stem 


U „ ? Tn 7 7 ftc n,nnl ' T ' 1 " ,f doc ^ not wra br e° ^ugh for our purposes 

hi the method Balms on has suggested, that is, a separation of the interatnal groove If one 

puts a finger m the nght atnum s 0 that one does not separate the groove all the wav un to 
the .Meet, the additional separation not hazardous When ,»<&£* atnal ivlulls ^n 
taobthred, one can rcadilv repair, I find, even a defect which is more common with ns «mn 
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tho posterior one just described, that is, one just behind the aorta running up as high as the 
superior vena cava There is a posterior soptal margin, but none anteriorly Perhaps we see 
this anterior defect more commonlv because most of our patients are adults 

DR DENTON A- COOLEY, Houston, Texas —Tho excellent results presented bv Drs 
Watkins and Gross using mostlv closed methods of repair of atnal septal defects are \en 
impressive I too am convinced that a large number of such anomalies can be corrected with 
out resorting to temporary interruption of the circulation Some problems m cardiac 
surgery inevitably will be solved bj technical improvements alone It is true that open 
heart surgery is developing rapidly with its main obvious advantages On the other hand 
there is a certain inherent nsk involved in temporarv by pass of the heart, and this mav 
be especially important m patients with severe cardiac embarrassment Such risks could be 
avoided by use of a simplified method based largeh upon anatomic features of atnal 
defects which facilitate their repair 

Although mj expenence with surgical closure of interatrial septal defects is com 
paratively small, the results have been encouraging In my opinion the modifications 
devised by several Scandinavian authors of Dr Gordon Murmv’s technique of septal sutunng 
provides the simplest and most effective method of dealing with septum secundum and 
some ostium pnmum defects An advantage of the purse string suture is that it will close 
multiple defects when they exist Addition of a couple of mattress sutures through the 
septum reinforces the closure and prevents the purse string suture from pulling through 
the atnal wall 

I have tned a similar technique of suturing for v entncular septal defects in which 
mattress sutures are passed through the ventncular septum This method nos tried in 3 
patients and one died from hemorrhage twenty four hours later when the mattress suture 
pulled through the myocardium In the 2 surviving patients there were no complications 
and the defects appear to be reduced significantly in size Although these results are not 
as impressive as some reported by Lillehei where cross circulation w*as used, it mav be that 
the procedure will have some usefulness in infants and small children One should be 
ready to combine the best features of all methods which have been proposed, if nccessarv, 
in the development of an ideal operative technique 

DR CONRAD LAM, Detroit, Mich—I should like to present a modification of the 
technique of atnoseptopexy This method embodies some of the features of the methods used 
b) Dr Bailey and bv Dr Gross 

(Slide) This autopsy specimen illustrates the anatomv of interatrial septal defect 
One notes the large defect, the tricuspid valve, and the orifices of the venae cav ae If 
the posterior nm of the defect is pushed antenorlv, the defect is closed If it is maintained 
in this position by sutures, a satisfactorj repair has been obtained These sutures can lie 
placed bj a closed technique, with the use of a two pointed needle with the silk swaged 
on in the middle 

(Slide) We first carrv out the Sondergaard dissection, separating the pulmonarv 
veins from the right auricle This permits the needle to be inserted either through the pos 
tenor run or just to the left of it The needle then passes through the anterior nm of the 
defect, and tho point emerges from the auricular wall at any convenient place It is grasped 
with the needle holder and when the trailing point has cleared the anterior nm, the direc 
tion of the needle is changed so that the trailing point emerges from the auricle near where 
tho needle first entered 

(Slide) As many sutures as neecssarv are placed to close the defect completelv There 
is no danger of mterfenng with vena caval flow or the conduction mechanism 

We have closed 13 defects of the septum secundum tvpe by the closed method, without 
a death We encountered 4 of the so called ostium pnmum tvpe These could not be 
closed bv the external method and 2 patients succumbod after exploration 

The two pointed needle is similar in design to that wluch Dr R A Cowlcv lias used for 
blood vessel anastomosis 
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DR HENRY T BAHNSON, Baltimore, Md-Me haxe encountered a fair number 
of anomalies of the venous return m extremely ill pediatric patients with auricular septal 
defects Most present no problem as they can be closed by shifting the septum as Gross and 

others have described- > 

(Slide) In patients such as the one shown here the problem is a different one This 
patient had a total anomah of the pulmonary xenous return, all the veins draining into an 
additional atnal chamber Me debated quite a while trying to decide what to do, and 
ultimately came up with an idea that may be helpful to some of you Me had previous x 
di^cted m the groo\e between the atnum and the pulmonary veins, with the technique 
Dr Bailex ascribed to me but which goes bach to Sondergaard as others have mentioned. This 
is verv helpful vn anomalous veuous return because if one dissects in this groove he cannot 
miss the anomalous drainage Me simplv began with a purse string suture adjacent to the 
norta as Crafoord and Bjorh have described, continued this on around and took bites on the 
anterior wall of the right atrium, the right atrium in this condition is large and quite roomy 
This is tied down, and as von see we have converted a heart with three atnn into one with 
four atna Me have made the inferior vena cava and the coronary sinus vein dram 
through the tricuspid \alve The pulmonnrv xenous drainage which came into the third 
atrium went through a septal defect to the remaining right and thence to the left atnum 
In essence this left the supenor cava draining with the pulmonary veins to the left heart, 
so we tied down the supenor caxa between the azxgos vein and the nght auncle over a 
none hook to obstruct this flow and direct it through collaterals to the infenor cava Me 
Inter wrapped this with a piece of cellophane Me were quite gratified to find that when the 
pressures were measured—we measured pressures pnor to placing the suture, and following 
—the pressures in the pulmonary vein, the ongmal nght ntnum, our new nght atnum, and 
the third ntnum, nil hnd fallen from the preoperative values The pressure in the supenor 
xena en\a, the drainage of which was paTtlx constneted, was similar to that which had 
boon recorded before the procedure The patient made an essentially normal recoven 
except that we noticed for the first few davs he did not like to lie flat, a common symptom 
of the superior coxal syndrome At the time of Ins discharge he was lx-ing flat 

This is the condition which I think is present in many patients with total anomalous 
pulmonnrv venous return The procedure is almost certainly equally applicable to the total 
anomalous xenous return in which all the veins emptv into an anomalous left supenor 
cava, the so called "snow man mediastinum” which is seen on the roentgenogram 

DR F T LEM1S, Minneapolis, Minn —I would bhe to congratulate Dr Mathms and 
Dr Gross on their presentation of pioneer work in this field I would like, also, to express 
mx admiration of the ingenious methods which the other discussers haxe used to close 
atnal septal defects without looking at them Finally, I want to advocate an open method 
for Tcpamng these defects 

Most of us hn\c been trained in a method of cxeliand coordination bx which we do 
nu>n mrgerv, and I think we would do best to repair atnal septal defects the nunc wav, cm 
ploxang our vmon n« long os it remains acute 

(^lidc) Tins shows cases we have operated on to repair atnal septal defects during the 
pm two and one half venTs As jou can see, the open technique leads to a slightlx lower 
mortabtx rate (4 deaths in 33 can 6 ) hut it a)=o has other adxantages Me are able to 
identify the complex nnntomx tvp.cnl of some of these defects and place the stitches 
precueH where thev should be placed 

These cases are dixided into groups according to a c1n«,ficntion we have used It is 

1 oa their embrvolog,cal dexelopmcnt as well ns thc.r appearance when we s 0C them in the 
bx mg heart Wo will explain the classificat.on ,n detail ,n n presentation durmg the latter 

!' aU ,° f thc WC ^ * n rhl,adcl I*m The commonest txpe is the foramen ornlc defect which 
wav have associated anomalous pulmonarx venous drainage 

\\Mi n ‘ C V Cf T T rnrt,CUlttr1 ' lntcrc ' t,n P 1 some of the defects Dr 

Dntkms showed in h,s second or third slide are probabh high defects but theV , . 

*" W ’ ,U T1 - P-nt i/their identification is’tie p^ence of^ 
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separate foramen ovale below the defect which usually remains closed High defects are a 
distinct group The low defect (the persistent ostium prrmum is one type of low defect) is 
fortunately a relatively rare defect It cannot always be distinguished from a foramen ovale 
defect by the Unger, and I say this from personal experience because we feel all these defects 
with the finger before we take the trouble to look at them As has been the case with other 
people doing this work, our worst experience has been with these persistent ostium primum 
defects because of postoperative complete heart block. When we learned a little more 
about repairing them m the third case, we employed the lower part of the left atnal wall, 
which can be pulled back and used to avoid the conduction svstem, and in that patient 
complete heart block did not dev elop until one month postoperatively This adds another 
possible complication, for in these more difficult repairs late scarring may cause damage 

DE EDGAB DAVIS, Washington, D C—I rise not to discuss tins but to ask a question. 
It seems to me that the surgeons operating upon these defects agree that the ostium pnmum 
type of interatrial septal defect cannot be satisfactorily closed and concede that they would 
not operate if the diagnosis could be established climcallv I think we would all welcome 
some discussion of the possibilities of distinguishing preoperatively between the ostium pnmum 
and ostium secundum atnal septal defects 

DE EAELE B KAY, Cleveland, Ohio —Prom the foregoing discussion it can be 
concluded that atnal septal defects can be adequately and safely closed by either open or 
closed techniques We have preferred the closed technique for we feel that there is less 
inherent risk to the patient We have operated upon 19 patients by the closed technique 
with but one death This patient was the second one upon whom operation was performed 
This patient was 41 years of age and had markedly elevated pulmonary artery and right ven 
tncular pressures associated with arterial desaturation (84 per cent) According to our 
present standards, she was beyond hope of surgical benefit and should not have been 
operated upon 

I would like to stress that after pulmonary hypertension and arterial desaturntion of 
significant degree occur, operative closure of atnal septal defects is contraindicated 

DE WATKINS (Closing) —I want to thank all the discussers I am very much lm 
pressed by their results It is impossible to discuss all the points raised here, but certain 
facts should be emphasized 

First, the indications for surgical repair of atnal septal defects are apparently vary 
mg in different medical centers The particular patients upon whom we have performed 
exploratory operations have either had tremendous flows through their defects or have 
had debilitating symptoms Second, we surgeons at present are talking loosely about “pul 
monary hypertension ’’ Every patient with a large volume of blood flow through an 
atnal septal defect will have pulmonary hypertension simply because enormous volumes of 
blood are bemg forced through a normal pulmonary vasculature This innocuous condition 
must be differentiated from true pulmonary vascular disease, in which there is also a high 
pulmonary arterv pressure but a low flow The only way one can differentiate these two 
conditions is bv a measurement of pulmonary blood flow and pulmonary artenolar resist 
ance at cardiac cathetenzation The physiologists tell ns that systemic and shunt flow 
measurements are not valid, because one cannot possibly get a true mixed venous blood 
sample m the presence of an atnal septal defect, so we neglect all flow observations How 
ever, a Fick systemic flow calculation based upon the supenor vena caval 0 x 3 gen content 
is a useful rough clinical estimate of left ventncular output, and the more accurate pul 
monary flow measurement permits calculation of pulmonary artenolar resistance Such 
observ ations are necessary to differentiate the common benign condition of pulmonary 
hypertension due to large blood flow from true pulmonary vascular disease 

We have had no expenence with the methods of Sondergaard, Bjork, and Grafoord 
However, we have had some difficulty with sutures which pass near the aortic root The 
clearances between the coronarv artery ostia at that point are rather close, and I am going 
to trv to find out how I can avoid them, from people who have had more expenence with 
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the method Moreover, defects which lie near the point of branching of the conduction system 
will present conduction tissue on either side of the septum Sutures passed to the left of the 
major conduction si stem near the anterior edge of the tricuspid annulus can quite easily 
traumatize the major left bundle branches I would be interested in knowing how one 
can av oid these structures 

I believe that Dr Bahnson's procedure is the solution of an entirely different problem 
We hare had <=ome experience with diversion of complete pulmonary yenous transposition by a 
somewhat different tecluuque It seems to ns that the major problem in any procedure for this 
condition 'terns from the fact that the left yentncle and left atnum are very hypoplastic 
because of the complete diversion of the venous stream Consequently, a word of caution 
might be rawed here about the train of events following sudden surgical diversion of all 
pulmonarv venous drainage into such a hypoplastic left atrium and left ventricle 

We have not used hypothermia We believe that methods for external suturing are 
quicker and easier for the majontv of atrial septal defects although it niav take a longer 
time to describe the actual technique of suture placement 

In reply to Dr Davis’ question about the differential diagnosis of the ostium pnmum 
defect, we know of no wav to diagno<e such a lesion definitely, although we are suspicious 
when there are harsh svstolic murmurs along either lower sternal border In a number of 
our patients who have had such murmurs, we have found either low Jymg defects of the 
endocardial cushion tvpe or ventricular septal defects with tncuspid regurgitation 
Several of our patients who have had complete closure of the defect have had persistence 
of pulmonarv w'tolic murmurs The most reliable criterion we have had of complete closure 
is disappearance of apical diastolic murmurs 



LEFT-SIDED BEONCHOTBACHEAL ANASTOMOSIS 

Viking Olov Bjork, M D 
Stockholm, Sweden 

I N most cases of bronchial stenosis of tubeiculous ongin the conesponding 
lnng parenchyma is destioyed Then both the lung tissue and its stenotic 
bronchus have to be lesected 

In some cases of stenosis in the mam bronchus, one lobe may be found 
without tuberculous changes In order to save this healthy lung parenchyma 
behind the diseased bionehus, Gebauer, 3 m 1949, mtroduced a method for 
reconstruction of the tubeiculous stenotic bronchus with deimal grafts In 
spite of the encouraging lesults obtained by Gebauer and otheis, 3 * 5 7 I have 
never had the coinage to suture a dermal giaft into a bionehus with a tuber¬ 
culous stenosis The mam objection is the possibility of reactivation of the 
bronchial tubei eulosis resulting in serious complications 

On the right side, it is questionable if a plastic leconstiuction of the main 
bionehus with deimal giaft is evei indicated The lesection of diseased 
paienchyma and bronchus until a bionehotiacheal anastomosis is a more 
sound surgical procediue 2 5 c 

On the left side, on the otliei hand, the technical difficulties m perfoimmg 
a bronchotracheal anastomosis have made the dermal graft i econstruction 
justifiable s 

My earlier attempts to do a bionchotracheal anastomosis on the left side 
lia\e lesulted in pneumonectomies In 1954, Graiel 6 described an end to end 
bronchial anastomosis 1 cm distal to the canna on the left side Unfortunately, 
the patient died four months latei due to mpture of an aneurvsm of the 
aortic arch An inflammatory piocess had caused destruction of the elastic 
medial layer of the aorta 

The purpose of this paper is to shou that with wide mobilization of the 
aoita aftei division of the foui upper pairs of intercostal arteries, mobilization 
of the left subclavian artery, esophagus, tiachea, and the central pait of the 
light mam bronchus, a direct anastomosis of the left lover lobe bionehus to 
the tiachea is a possible surgical procedure As a resection of the diseased 
bionehus vith dnect anastomosis is to be prefeued to a plastic reconstruction 
with dermal graft, haidly anv indication for the use of dermal giafts lemains 
in cases of tuberculous bionchial stenosis 

CASE REPORT 

A 32-iear-old woman had a tubeiculous infiltintion m the left uppei lobe 
m 1949 There was progress in 1951, and in 1953 a canh was visible m the 

From Sabbatsberp Hospital Surpcon-ln Chief C Crafoord M D Professor 
Rccched for publication Feb 21 1955 
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Fle 1 -x-ray of the lungs demonstrating Infiltrations Into the left upper lobe 



lie C—Hronc)ioj^~ipln before operation which shows a considerable nnrrowlnp of the 
Wt main bronchi from Die carlna down to the left upper lobe bronchus There is no 
bronchiectasis in the Uft lower lobe. 
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left uppei lobe She had a Aery intense irritating cough Bionchoscopi 
peiformed m Januaiy, 1954, showed a encular uleeiation m the opening to 
the left mam bronchus which had only a 3 mm diameter Later bionchoscopv 
showed the canna involved m the process Bionchography showed a con¬ 
siderable narrowing of the left mam bronchus from the carma down to the 
left upper lobe bionchus The lower lobe bronchus was normal (Figs 1 and 
2) 



At operation (Nor 17, 1954), the patient uas placed m the prone po 
sition A subcostal incision was made under the fifth nb on the left side 
Ribs 2 to 6 were divided at the level of the transveise processes The lung 
vas fieed intiapleuially and the upper lobe leseeted The pulmonaij aiten 
had to be freed from the left mam bronchus by sharp dissection from its 
oimin m the mam pulmonarv arten to its divisions in the basal segmental 
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mi l ,„, n bionchus mbs dissected as far as possible under the 

SsrJhswMsrMfS 



Fip 4 —X m> of the lunps 3 montlis after operation 


The left main bronchus uas opened longitudinalli m the posterior part It 
Mas impossible to judge In inspection onlr, if there Mas actne tuberculosis 
in the bronchial Mall Nom the inferior pulmonara aem Mas freed but the 
pulmonarc ligament Mas not dnided The left main bronchus uas excised 
irom the trachea and dnided just centralh to the bronchus to the superior 
vuncut of the lower lobe The endotracheal tube uas pushed down in the 
r'-’ht mun bromhus and an airtight connection to the right lung was ob¬ 
tained A Potts’ clamp u is applied on the lower lobe bronchus which under 
considerlblc traction was approximated to the trachea First a row of iso 
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B 

FI& 5 A and B —A bronchogTapliy 3 months after operation which shows a patent 
anastomosis between the left lower lobe and the trachea- The opening to the superiorseg 
mental bronchus In the upper angle of the anastomosis to the trachea Is also visible There 
Is no bronchiectasis 
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lated over and over Xo 00 silk sutures on Atraumatic needles was placed and 
tied antenorlv It is better to tie these sutures one at a time as soon as 
thev are placed The posterior row or isolated silk sutures was easv to place 
and tie The bronchus to the superior segment lower lobe was sutured into 
the superior corner of the incision m the trachea The suture line was not 
covered with a pleural flap Streptomvein was placed around the suture 
and the mediastinal pleura closed The pleura was drained and a small 
osteoplastic thoracoplastv performed. 1 Bronehoscopv after the operation 
showed the anastomosis open for the 9 mm bronchoscope The patient made 
an uneventful recoverv The remaining left lower lobe was well aerated 
during the whole postoperatii e period and there was no need for a broneho- 
scopic aspiration 

Three months after the operation the lett lower lobe nas well aerated 
(Fig 4) and bronchographv demonstrated a patent bronchotracheal anasto¬ 
mosis There was no bronchiectasis (Fig 5 A and B) Bronehoscopv had to 
be performed four times for removal of the silk sutures causing granulomas 
After removal of the sutures a well-healed anastomosis was seen seven months 
atter the operation 

Therefore m a second case of lett-sided bronchotracheal anastomosis 
treated in an identical wav and m 3 other cases wheie the bronchus to the left 
loner lobe or to the basal segments of lett lower lobe was anastomosed to the 
left-mam bronchus 1 to 2 cm below the carnia without mobilization of the 
aortic arch chromic 2-0 and 3-0 catgut was utilized as suture material Bron- 
choscopie control of these anastomoses pel termed with catgut shewed a smooth 
healing without granulomas 


disci ssio\ 

As it is possible to periorm a direct anastomosis between the left lower 
lobe bronchus and the trachea there will not be mam cases left for a plastic 
repair with dermal gratt Excision ot the diseased bronchus and end-to-end 
anastomosis wall nlu a\ s be preterred w hen possible 

The prone position as advocated bv Geoauei xor these eases wall facilitate 
the operation The most difficult part is the anastomosis This can be done 
onh after a wade mobilization ot the aoiti It is difiieult to sav how mam 
intercostal arteries can be divided without danger to the spmal cord 1\*e 
hnow that m cases of aneurism ot the thoracic aorta all intercostal arteries 
abo\e the diaphragm hn\e been druded watbont damage to the spmal cord 
U is however difficult to estimate the amount of collateral circulation in such 
a case Division ot the tour upper pairs ot intercostal arteries wall permit a 
good exposure of the lower part of the trachea where the anastomosis is per- 
iormed This procedure did not cause am hirinful effect m the 2 eases re¬ 
ported here It is ,,referable to tic cadi suture atter it is placed m the an 
tenor row The niobihritmu oi the lower lobe is nulituted after division of 
the pubnoiiarc lm uncut The use of chromic catgut for the anastomosis I 
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believe, is an lmpoxtant technical detail m older to dimini sh the foimation of 
sutuie granulomas When the anastomosis is completed the sutiue line should 
be coveied by the mediastmal structures 01 piefeiably a pleural flap 
Tiacheostomy was not found necessary m these cases 

SUMMARY 

Resection of a tuberculous stenosis with a bionchotiacheal anastomosis on 
the left side is piefened to plastic leeonstiuction with a deimal giaft A 
vude mobilization of the aoita will make the opeiation technically possible 
The expeilence of 2 cases with left-sided bionchotiacheal anastomoses me 
lepoited 
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MODIFICATION OF BROCK’S VALVULOTOME RING 

Ger6kdxo N Gtjastayesto, MD 5 
Buenos Aires, Argentina 

A MONG the better known valvulotomes, Brock’s is eonsideied piactieal be¬ 
cause of its small size and easy manipulation It mav be mtioduced into 
the auricular appendage and withdrawn with the loss of a verv small quantiti 
of blood It consists of adding a blade to the index fingei There is the incon¬ 
venience of having to withdraw the finger from the auiicle to appli the instru¬ 
ment This entails extia tiauma to the heart, and although of no practical 
inconvenience to an experienced suigeon it places extia stiam on the heart 

Oui object has been to permit the introduction and witlidiawal of Block’s 
valvulotome, leaving the finger in situ For this we hate replaced the ongmal 
fixed ring with anotliei ling with a spring hinge (Fig 1) t This allows the 



Urvfhril for publication Wnrcli ji 1935 
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A 



been introduced 


introduction of the valvulotome into the auricle, one then closes the ring o\ cr 
the proximal aspect of the inde\ fingei, without having to withdraw it (Fig 2) 
It then allows the withdiawal of the instiument once it has completed its object 
by the opening of the ring that fastens it to the index finger 

We considei this an improvement to this type of \alvuIotome and on using 
it we ha\e found it both piactical and simple 




Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Thirty sixth Annual Meeting of the American Association for Thoracic Snrgery 
will be held May 7, 8 and 9, 1956, in Miami Beach, Florida Headquarters will be at the 
Hotel Fontainebleau 


Requests for Hotel Reservations 

These should be mailed directly to Mr Jack Slone, Director of Sales, Hotel Fontaine 
blcau, Miami Beach, Florida Please mention this Association, the type of accommodation 
de'ired, the date and approximate hour of arrival and departure If accommodations are 
desired elsewhere m Miami Bench, please communicate directly with tho hotel of your choice 

Thoracic Surgical Forum 

The Thoracic Surgical Forum will be continued as a special session at the 1956 meeting 
The Forum is primarily for the presentation of short papers on current thoracic research, 
experimental problems, anatomical studies and modified ot new surgical techniques The in 
elusion of any considerable amount of clinical material in these reports makes the choice more 
difficult nnd the Program Committee reserves the right to reject such papers, or to suggest 
their transferral to the Regular Program 

Papers at this session will be limited to ten minutes, including the showing of lantern 
slides or other illustrative material At the discretion of the President, three minutes may 
be allowed as the maximum discussion for each paper 

All Thoracic Surgical Forum papers will be published together in one issue of the 
Touhsal. Maximum length 3000 words without illustrations If illustrated, nn appropriate 
number of words must bo subtracted for each cut used 

Abstracts for Papers 

Abstracts for tho presentation of all papers at the 1956 meeting most be received on or 
before Dec 15, 1955, otherwise thev will not be considered by the Program Committee 

Abstracts should bo labeled “For Thoracic Surgical Fonim,” or “For Regular Pro 
grim ” Tho abstracts should contain from 200 to 250 words and accurately reflect the eon 
tents of tho completed paper 

Fire, repeat, five copies of each abstract must be *cnt to the Secretary of the Association, 
Dr Paul C Samson, 3959 Ilappi Vallci Road, Lafayette, California They should not be 
*int to the Editor 

Those on tho program arc reminded that papers presented at the meeting must be 
handed to the secretary immediately after their presentation If they are not ready at that 
time there is a chance that thev will not be published in the Jouknm or Thoracic Sdeoekv 


Motion Picture Session 

Provisions lmie l>ecn made to rtmw a limited number of motion p.cturcs to be ^elected 

!cne»h°rj rCt ‘ 1, ' C ,'?' , ‘ ThC /,!W ' ,hcmichcs > to-ethor with descriptive material concerning 

"toon P X ra7; ?? m "V rc '- e,vca ln I,r J “ban Jolm«on, Hn.vers.tr Hospital 
too spruce , Philadelphia t, Pa., l-cfore Per 15, 1035 P ’ 

(Continued on n rjrt pane ) 
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It is planned to run the motion pictures in a smaller room at the same tirno as tho 
scientific sessions If the films are well labeled, it will not be necessary for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Membership in the Assocation must bo received by the Mem 
bership Committee not later than Dec 15, 1955, otherwise, the applications will be deferred 
for consideration nntil the 1957 meeting 

Applicants must be sponsored by three Active or Senior Members of the Association 
In addition to the signatures on the application form, the sponsors will forward n separate 
letter concerning the appbcant directly to 

Dr O T Clagett 

Chairman of the Membership Committeo 
Mayo Cbmc 
Rochester, Mmn 

Sponsors are reminded that new letters of recommendation must be forwarded to the 
Membership Committeo should their applicants be held over for reconsideration a second 
year 


Erratum 

In the article, “Traumatic Chilothornx and Thoracic Duct Ligation,” l>} Josoph 
Goorwitch, wlucli was published in the Mnj, 1955, issue of the Jouhnal, pages 4G7-479, the 
following error occurred In Table III—Cont’d concerning the en«e of ^enmnn, quoted bv 
Goorwitch, it was stated that the treatment was br “thoracenteses followed hi ligation 
of duct in chest ” Actualh, Dr Goorwitch should hn\e stated that the treatment was hi 
“thoracenteses followed In plastic repair of the duct without ligation ”—UmTor 
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Surgical Forum Issue 


THE RATIONALE OP ANASTOMOSIS OF THE RIGHT AURICULAR 
APPENDAGE TO THE PULMONARY ARTERY IN THE 
TREATMENT OF TRICUSPID ATRESIA 

Arruc vrtos of This Procedure to \ C vse of Cor Triloculare 

Elliott S Hukwitt, MD, Dexxisok Yount, MD (b\ invitation), and 
Doris J IV Escher, M D (bv invitation) 

Neb York, N Y 

pALLIATIl E surgerv bv means of the Blalock 1 oi Potts 5 tvpe of anastomosis 
I has been less satisfactory for tricuspid atresia than for the tetralogy of 
Fallot An analisis of the first 1,000 cianotic eaidiac patients to be operated 
upon hi Blalock and lus group showed that 21 per cent of 62 patients with 
tricuspid atresia died at or sliorth after operation, with a total mortalitv of 26 
per cent eight months postoperatneh 3 In the senes miewcd hi Sommers 
and Johnson 1 moic than two thirds of all patients with tricuspid atresia died 
before one rear of age because of congestse lieait failure and anoxia whether 
or not surgery had been performed m 4 infants shunts of the tvpes just 
described had been constructed with no striking increase in longentv 
.... ° n N °' }? m the Forum on Fundamental Surgical Problems of the 
n rZTnf i ?C V Ug f° nS " n °" SUrgKal a PP™»eh to the treatment of 
T.1 r ' i C " as dcf>cnbed b ' harden, DcVall and Yarco 5 

and the ? T a,nstomos,s b(Uuen tb o tip of tire right auricular appendage 
an the mam pulmonam artcrv m dogs wath suture-obhtoration of the onf.ee 
f the transput \ahe Cert un theoretical ad\outages were liostulnted W ti 

I’uuAnm "f T™ " lP eVtnK ' U ' diac i,lunts of the Blalock or Potts tipe 
tunmtion of the pumping action oi tin right auricle m nronellum the c ct P 
venous blood into ihe pulmonary circulation and n , n ,,i ® emic 

hlwd nlrcadv part.alh oxag.nated were considered to ° f 

tins com opt c 1 actors ni support of 

*' rnrn Ihf* ‘surj.lcnl nn I lien? nhui,n« •»* , „ 
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The attention of the caidio\ asculai gioup at this hospital became focused 
on this situation because of a despeiateh sick, intensely cyanotic infant in whom 
a clinical diagnosis of tneuspid atiesia was made Extensive conference delib¬ 
eration, abetted bv the demonstiation m the laboiatory of the technical facikti 
with which such an anastomosis may be constructed in the noimal dog, led to a 
decision to attempt this anastomosis m the case under consideration, provided 
certam physiologic and anatomic conditions weie substantiated at exploratorv 
thoiacotorm Although the opeiation was unsuccessful, and a cor tuloculaie 
was found at autopsy, the total experience has pioyoked a cutical analysis of the 
pioblem 

CASE REPORT 

D P , an intensely cyanotic 4 month old nlnte bov, weighing 9 pounds, was transferred 
to the Honteilore Hospital from the Staten Island Hospital by Dr Oscar Race and Dr J 
Silverman on Nov 18, 1954 (Admission No 69742) Birth weight was 7 pounds, and 
cyanosis appeared promptly The constant administration of oxygen became practically 
obligatory following the onset of an upper respiratory infection on November 13 On 



pjcr i—Electrocardiographic tracings showing absence of right centricular preponderance 

(see text) 


admission here, he was afebrilo and grossly underdeveloped, but not djspneic, and had no 
clubbing of the fingers or toes There was no distention of the veins in the neck, and the 
lungs were clear The heart was moderately enlarged, and there was a short rough systolic 
murmur over the second and third interspaces, to the left of the sternum 411 heart sounds 
were described ns being of normal quality, ineluding the pulmonic second sound The liver 
edge was felt 2 fingerbrendths below the right costal margin, and there was no edema of 
the trunk or extremities The presence of frontal bossing and a widely open anterior fontanel 
suggested a mild hydrocephalus in addition to congenital heart disease 

The hemoglobin was 14 Gm per cent, uitli an erythrocyte count of 5 09 million The 
electrocardiogram showed absence of right axis denntion m the standard lends, an absent R 
wavo in Lend AVR, and an extremely small R nave m Lead V, (Fig 1) These findings are 
distinctly abnormal at tlus age and indicate left ventricular enlargement Roentgenograms 
and cardiac fluoroscopy revealed a picture strikingly similar to that of tetralogy of Fallot 
The pulmonary vasculanti was diminished The mam pulmonnn arteri segment showed a 
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concavitv, and the blunt mg rounding and election ot the lower left cardiac border in the 
po=tcroantenor view suggested the appearance of the right ventricle as commonly seen with 
the tetralogy The left anterior oblique position shooed irhat appeared to be a small left 
ventricle, a mildh enlarged inflow tract of the right ventricle, and a normal appearing right 
atrium (Fig -) 

The diagnosis of tneuspid atresia was based on the association of severe evanosis with 
the electrocardiographic rather than the roentgenographic features During the 20-day period 
of hospitalization, there was progressive deterioration in the infant s condition and he 
experienced several almost lethal episodes of severe dyspnea with accentuation of evanosis 
An operation was undertaken on Dec, S, 1954. Preoperative medication consisted of 
motplune sulfate, 1/60 of a gram, and scopolamine bromide, 1/600 of n gram Tinder 
«ati«fnctor\ general anesthesia of vinvl ether and oxygen bv Dr Editb Kepes, an xntrn 
tracheal tube was pn"ed and the child was placed in a tub of ice and water for 12 minutes 
until lus temperature reached 00° F During the operation his temperature drifted over a 
21 nnnuti period to S2° F, where it remained for 35 minutes and he was earned in n light 
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was a dense blue in color, and both it and the right auncle were considerably enlarged ant 
moderately tense The superior vena cava was m the normal relationship, as was the aorta 
uhich measured 12 mm. in diameter at its base The mam pulmonary artery was hypoplastic 
measuring 6 mm m diameter at its origin, and appeared to arise from a rudimentary ngli 
ventricle (Fig 4) The small pulmonary artery appeared collapsed and extremely soft 
There was no palpable thrill to suggest either a patent ductus arteriosus or a pulmonan 
valvular stenosis, and the pulmonic cusps were not rigid or thickened 

During this exploration the cardiac action w as extremely erratic, periodically becominj 
very slow and irregular, and speeding up when warm sabne was sprayed over the heart Tin 
systolic blood pressure fell from 80 to 50 mm Hg During periods of better function, direc 
pressure measurements were obtained sequentially from the right auricular appendage anc 
the mam pulmonary artery, and recorded on a multichannel electronic recording apparatus ' 
The preliminary report indicated that the pulmonary arterial mean pressure was 11 mm Hg, ii 
contrast to 7 in the right auricle Oxygen saturations of the blood, taken at the same turn 
as the pressures, were determined to be 22 5 per cent from the right auricle and 27 5 per ccnl 
from the pulmonary artery, as measured on a Waters Conley oximeter The arterial oxvger 
saturation m the ascending aorta was 25 per cent, mitiallv, and 32 per cent from the aortic 
arch, 12 minutes later Because of the child’s poor and variable condition, these data were of 
qualified value only, other than to point up what appeared to be a lack of pulmonic blood flow 



FIp 3—Diagram of operative position Incision and exposure 

Since the clinical state of the patient precluded accurate evaluation of the pressure 
gradient between the pulmonary artery and right auncle, and no patent ductus artenosus 
had been found, it was elected to attempt an anastomosis between the right auricular nppendnge 
and the pulmonary artery The sulcus between the origin of the pulmonnry nrterv and the 
aorta was dissected, mobilizing the first portion of the pulmonnry artery A Potts tvpe 
of curved multitoothed clamp was applied over the base of the pulmonnry nrterv in an 
attempt partially to occlude this, a Sntmsky clamp was placed ovor the mid portion of the 
right auricular appendage, and the tip of the appendage was amputated (Fig 5) At this 
point, with a liodv temperature of 84 5° F, tho heart again slowed eonsidimblv, went into 
cardiac arrest, and gave only an occasional bent despite vigorous attempts at resuscitation, 
including continuous rhythmic cardiac compression, intermittent inflation of tho lungs, 

•Manufactured b% Electronics for Medicine Inc. Xew lork CIt> 
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c ^p haa ^ Tcm ° vea from the 

imlmonarv artsie tntl tlie; loags b ot ,1, C ba-firt iris still contenting 

-—- - ^ ,h "' - 



Pip 4_Pericardium opened showing h'popiastie pulmonarv arterv 



He 3—Prv petition of puimen in irt rv an i right nuricul ir app*nlng for anastomosis 

pulmonarv blood flow miclit provad tii po'Mbilitv of 'umnl Trabeculae near the tip of 
tli right auricular np|>* ndn;;t non diluted \fimlv ground thin walled multitoothed bulldog 
el mp »a> applied our the bn^ of tin pulmonarv arterv in ■mill a wav a' to leave an 
a 1 -vpiate lum n \ 5 mm vertical incision ma- madi in the anterior mall of tin pulmonarv 
irt r\ I- tvv am tlie jam- of the partmllv o.<]udinc clamp \n ana»tomo is mas constructed 
1 tv inti tl* tip of tin ri„ht auricular ap]* ndage and the mi t«ton in the pulmonarv arterv with 
a •oiitinuni* >utur. of No 5 0 11. hnat. I 1 raid. <1 silk on v curve<l \traumatic needle The 
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anastomosis was accomplished without difficulty, since it was possible to bring the distended 
and enlarged right auricular appendage over to the pulnionan artery \uth no tension or 
distortion (Fig 6) Following removal of the clamps, cardiac resuscitation still could not 
be achieved It was felt that the final precipitating cause of death max have been the short 
period of occlusion of the pulmonary artery superimposed on a state of severe anoxia in a 
badly crippled heart 




c 

Fig 6 —Technical details of anastomosis 


At autopsx there was found a cor triloculare with a large single ventricle nnd a rudi 
mentarv conus of a right ventricle Both auricles communicated freelj with the dilated, 
hxpertroplued common ventricle, bx a Inrge mitral and a rudimentary tricuspid valve There 
was hypoplasia of the pulmonnrv artery and the pulmonic valve was bicuspid There was a 
small, probe patent foramen ovale, the ductus artcnosus was obliterated No evidence of 
congestive heart fadure was found It was felt that the common ventricle represented troth 
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the left and tight ventricles vath no evidence of sept at, on other than it ther site of one of 
the papillarv muscles Permv-^on to examine the brmn was not obtained, <=o that the question 
of earlv hi drocephaluc conld not be TesolveiL 


DISCUSSION' 

From the onset, it was apparent that there weie ceitam important difiei- 
ences between the provoeative experimental situation ot Warden Denali, and 
Varco and the human case of c\ anotic congenital heart disease, of wlneli tncuspid 
atresia miglit he a component In a ease of true tncuspid atiesia, the piesence 
of an inteiaunculni septal defect is obligator! foi survival The maldevelop- 
mont of the right ventricle, which appears to be the pi imam detect, mav also 
involve the main pulmonan aiten G The blood reaching the lungs does so 
largelv bv wav of a patent ductus arteriosus bronchial artenes, 01 collateral 
mediastinal vessels 

The success of an anastomosis designed to cairv blood fiom the light auiicle 
to the pulmonarv arterv depends upon a piessuie giadient m the propei duec- 
tion In a true tncuspid atiesia with a hvpeitiopined, hvpertensive light 
auntie, this gradient would almost ceitaiuh be piesent and demonstrable unless 
masked or reversed bv the additional piesence ot a patent ductus 01 ventneular 
septal defect Cases of tricuspid atresia mav oceui howevci with deep evanosis 
bv virtue of a laige interatiial septal defect without having enough 1 eduction 
of pulmonic flow to piovide the neeessan piessiue difteicntial 

The association of left ventriculai preponderance in the electrocardiogram 
with the cluneal and radiographic featmes ol Fallot s tetralogv is usuallv 
indicative of tncuspid atresia and in infanev the clcetiocaidiogiaphic evidence 
is considered to he moie reliable than the roentgcnograpluc mteipretation 
Others have also noted, howevci, that a sinulax eleetiocardiograplne pattern mav 
he found m a vanetv ok evanotie lesions eliaiaeteiized bv a common ventricle’ 


Tlie unrelinbilitv of this finding as pathognomonic of tncuspid atiesia has not 
been vvulelv appieemted and icsultcd in the diagnostic euoi in the piesent case 
It hid been hoped that one might be able to eonfiim the clinical diagnosis 
In mums of differential pressure and owgcn determinations dining the opera¬ 


tion Attuallv this patients condition prevented definitive analvsis, so that 
the decision to proceed was based on tbe clinical data and the hope that an 
increased flow of blood to tbe lungs might impiove the possibility of survival 
Tin demonstration of a coi tnloudaie at autopsa indicates that a Blalock tvpe 
ot shunt would probnblv liavi been preferable as suggested bv Taussig c although 
an at nopul monte shunt might have functioned m view of the markedh restricted 
pulmonic blood flow caused bv the nidimentan uglit ventricular conus 

At the time of commencing to construe! such a shunt, it would be picfcrable 
to prepare the light auricular appendage before intcrfeinm with the mam 
pulmoinn arterv If possible a partmllv occluding el imp should then'be 
applied to the pulmonan arten It this ,s not feasible and total pulmonarv 
irtcrial obstruction is nmssan and or cardiac airest should ensue as it did 
under hvpothermin ,n this mstanei the procedure of .home should be an ,n, 
Z vnastmuosis resonmg efiorts ,t i estimation until tins Ins 
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Despite the initial appeal of the atiiopulmomc shunt in the tieatment of 
tricuspid atiesia, and the compaiativelv pool lesults achieved hi othei methods, 
theie are several factors which suggest that the usefulness of this new piocedme 
wall piobablv be quite limited The piescnec of a large inteiatiial detect mav 
conflict substantialh with the amount of blood leaving the light auiiclc bv wa\ 
of the new shunt Should aunculai failuie 01 fibrillation occur, the pumping 
action would become ineffectual If left heart failuie 01 nutial valvulai disease 
weie to develop the piessuie giadient might reveise Acute 01 clnonic pulmo 
nan disease might obliterate the piessuie gradient And, with am significant 
degree of livpoplasia of the main pulmonan arten, it is doubtful whethei a 
satisfactorv anastomosis could be constructed 01 whethei the low-power tin ust 
of the auricle could more an effective volume of blood into the nairowed channel 
None of these situations would give cause foi similar concern following a Blalock 
or Potts operation In addition, although Waiden, DeWall, and Varco have 
obseived that the light auricle mav fulfill the pumping lequiiements of the light 
heart undei conditions of cxpciimental abolition 01 massive infaiction of the 
light ventncle, long tenn sunnal studies aie not vet available to indicate 
how long the auiiclc could maintain its pumping potential against the elastic 
recoil of the pulmonan aitenal tiec The two month suivnal penod lecorded 
bj Rodbaid and Wagner 0 m dogs with anastomoses of light amide to pulmonan 
arterv, but without obliteration of the tneuspid onfice, suggests that longei 
penods of observation might be of considerable value 

Manv of the pioblems picsented in this discussion mav not be msui- 
mountable The implication ot these considerations and this case lepoit is that 
fiutliei investigation will be neeessarv bcfoie one mav state whethei 01 not 
anastomosis of the light aunculai appendage to the pulmonan arten mav be 
beneficial in a case of tneuspid atiesia The cnculatoiv bv-pass of the light 
heait desenbed bv Glenn and Patino, 10 anastomosing the azvgos vein to the right 
pulmonarv aiteiy, and the auastomoses between the venae cavae and the 
pulmonan arterv refened to bv Shumackei 11 lepiesent piovocative e\penments 
in tins direction 


SUMMARY 

1 A critical analvsis is piesented of the rationale of light aunculai 
pulmonan artenal anastomosis in the tieatment of tricuspid atiesia 

2 An anastomosis between the light aunculai appendage and the main 
pulmonarv arteiv was peifoimed in a cvanotic infant suspected of having til- 
cuspid atresia 

3 At autopsv a coi tnloeulaic was found with a rudnnentarv light ven- 
tnculai conus causing a maiked obstruction to pulmonan aitenal blood flow 

4 The piesence of a piessuie gradient from nght auricle to pulmonan 
arterv should be demonstrated at operation if this tvpe of shunt is undei 
consideration 



UVF.W ITT KT AL. RIGHT AURICULAR—PULMONARY ARTERY ANASTOMOSIS oil 

5 The atonoc of right ventricular preponderance m the electroenrdiogx am 
of a c\ anotic infant with the radiologic configuration of a tetialogv ot Fa o 
is not pathognomonic of tnenspid atresia 

We gratefully acknowledge the generous suggestions of Dr Louis Leiter in evaluating 
tin* material 
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PpWT. 3?io\ 

DR HARRIS L SHFMACKER Indinnapolis Ind—-With nfireme to the paper 
Dr Hnrwitt presented I thought vou might be interested in seicral other evpenenees with 
right heart In pass Unfortunately they all ended futnllv AA e have not felt justified in 
ti mu this operation in ease" of trieu«pnl atn <n for our experieiite with tli» shunt operation 
of Dr Blaloek in the tre itnient of this condition has been gooel We have however done a 
parti el or total be pas- in 3 children with conditions with which we have hid no sucee-s 
wnh other method' of treatment One was i wn snk child who had truncus arteriosus with 
pnlniem in hvja rten-ion and large pulmonary trunk' coming off the common one In this 
1 15 and in one ei-e with complete tnn=po'ition we simple performed a superior vena earn 
nuht pulmonare arterv end to on 1 anastomo'is Both children s uu .i lm bed some eight to 
tift.sn hours later AAe subs ajuentlv treated 1 patient with complete tran'po'ttion of the 
gr.-et v.'" 1* with ventricular 'eptal eh foe t ami without atrial «eptal defect bv total right 
he-ert lev [ea-s 3, nil t ) le pnlmonarv trunk was po'terior we could not dire tlv nn i'tomo=e the 
nJ,t " Uml appendage to it ami had to nvt. rpo', a grati AAe then . Wd oft the tmusp,d 
vatve lev mattr.-" sutur,'- gnnUd m place with a finur in'tde the atnum and finallv iec 
cimpl t U fbmmntel Hood flow from the right ventricle mto the pulmonary arterv bv sutur, 
Mew r, pl.-V'e-d to oVerv. tint at th, eompl.tion of th pro.,dur._ the chill was well color,a] 
enu id , xe e lie nt per.phe ral puK- nn 1 ey, !lent J.loo 1 pr, "Ur, This eh,Id unfortnuat Iv 
U I nth. r se„, 1 nlv about '.v or , .ght hour' late r Hu.lv at I o*t man, m fa,leal to , yplnin 
o n > m, n, of death Th. ] nplnral fire ul Hum hal lean ,v,,Ucnt until the end 

, o rir, v;s, nr^'V ’r 
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DR HERBERT E WARDEN, Minneapolis, Minn —I rise for a twofold purpose and 
will lie very brief First, I want to congratulate Dr Hurwitt and his group on their presenta 
tion and their courage m attempting surgical amelioration of this dismal form of congenital 
heart disease Second, I want to respond to the inquiry regarding the results of our long 
term survivors The entire gioup of animals that was reported last fall, m which n tncuspid 
obstruction had been produced followed at a later stage by a right auricular pulmonary 
arten anastomosis and complete occlusion of the tricuspid valve, is alive, the longest of 
which is two \ears, the shortest six or seven months We ha\e felt, as was suggested here this 
morning, in i lew of the fact that most forms of congenital tricuspid atresia have associated 
abnormal mtracardiac shunts, that the method warranted further evaluation in tho presence 
of such a defect We are attempting to do this by drat producing an artificial ductus and, 
at a second operation, by suturing the tricuspid aahe and at the same time creating an 
interatrial septal defect These animals will then bo treated by a correctiie right auricular 
pulmonary artery shunt This group is bemg studied now and it is too early to make am 
conclusive report 



AUTOGENOUS THORACIC AORTA GRAFTS OF PERICARDIUM AND 
NYLON NET USING A THROMBIN-FIBRINOGEN COAGULOI 

RichvrdIT Adler C vftain, MC USA (bv Lxvrrvnos) 

Dexwek Colo 


T ODAY, a number ot congenital traumatic and degenerative lesions that m- 
lohe the thoracic aoita rnav be adequately leseeted, but the problem of 
hndimr an ideal long-term replacement for the excised aortic tissue remains 
to be solved The lack of an avadable autogenous artery has resulted m 
widespread investigation to find an aorta substitute using homologous and 
heteinloamis vessels diverse plastic prostheses and ingenious combinations of 
lioiw ascular tissues Certaui undesirable features associated with homologous 
malts not seen m autogenous grafts, and the additional problems associated 
with the maintenance ot an aortic vessel hank stimulated a search for a 
simple practical method of making aortic grafts from a suitable bodi tissue 
that would he leadih available and expendable at the time of thoraeotomv 
Tins paper will outline the method developed m dogs to meet these needs bv 
making thoracic aorta grafts from autogenous pericardium nvlon net and a 
coamilum ot thrombin and fibrinogen 


VIVTFJtlVLS VXD VIETHODS 


Mongrel dogs weighing fiom IS to 65 pounds weie used Intravenous 
pentohailntal sodium (Nembutal! was used for anesthesia and intermittent 
pnsitn e pressure administered bv a M ^ A demand pneophore apparatus The 
let! hcnnthni av was exposed through the fifth interspace A large sheet of 
pirienrdmm was removed and trimmed free of adhering fat The aorta just 
distal to the hmamentum artenosum was selected is the site foi insertion of 
tin Kraft hi cause it was thought that in tins location the graft would be sub 
jeitcd to maximum stress 1 The left subclavian artcrv and distal aorta were 
mobilized and a \amble number ot intercostal arteries divided The diameter 
of the nut 1 was c ircfullv nieasmed with calipers and a glass suture tube or 
tcst tube of ippropnate size selected for laslwuung the graft Except for 
icrtam lmtul sfioit leneth grafts in which the amtn was onlv divided a seg¬ 
no nt of amt i ipproximatelv three-fourths the length of the graft was usualh 
reset ted 


V siliconized polvtbene shuut was devised that piotected the dog lrom 
\m untow ird effects ol aortic i ross-clamping The proximal flanged end was 
Hod into the leit sulKhvian irt< r\ and the distal end was quicklv inserted into 
the desi indimr mrt 1 tlirouah a smill incision and held there bv an outside eon- 
strutnm double loop of oiled umbilical tape The intervening aorta was excised 
K tween Potts to natation ilanqis 

\\lon mt * in tin t\pi dc-soriluHl bv Vargas and Dctcrhng : was selected 1o 
ptmuit dibit umu vnd inrurvsni lonnation whuh bad been shown to oecur when 


L 


J-r m th 3* tikb an l nt ^ n. io 

; ’ rl lllr 4 \urx\yi mnl Ho rlt-M 3 uJT 1J0 \ ' 

a Vtl“rlkV?v ,r, N T’mT:! JiVc-pr T ’"' rtr -' 
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pencardium was used as a giaft in the thoiaeic aoita 3 < To eliminate certain 
disadvantages associated with Vaigas and Detei ling’s method of rolling out n 
prefoimed nylon net tube oiei a giaft at the completion of the anastomoses 
and anchoring it bv sutuies, a method was dei eloped foi causing the peiicaidnuu 
and nvlon net to adhere togethei as one tissue Topical tlnombin* and 
fibrinogenf weic combined to fonn a sticki, plnsiologic coagulum The outei 

A 



B 

Fig 1—2sjIon net. A, Gross appearance B Photomicrograph magnified X70 Isote knotting 

of fiber junctions 

siuface of tlie pci leal dial sheet was fiist coicied w ith a laiei of thiombin solu¬ 
tion (2,000 NIH imits pei cc) A modeiafeh hea\i lajci of picsencd 
filmnogen powdei was then spimkled on tins suilace A lcctangulai piece ot 
m Ion net, fashioned to appiopnate si/c, was immediateh plated on tins coatetl 
pencaidial siuface Within scieinl minutes the fibiinogcn was m solution, the 
net and peiicaidium became adheient and could be handled as one tissue These 


•Thrombin topicul (bovine) supplied In Parke Davis Companj 

fFibrinogen (human) Parcnogen supplied b> Cutter Laboratories Lerk'kv Calif 


\DIFU VLTOIFNOts THORACIC VOKT V GR tFTN ' 

«Uso were then wrapped around the oded glass tube, the inner pericardial srn 
face facing the tube and the net facing the outside Br means of a continuous 
mattress suture of No 5 0 artenal silk, rernfoiced In an outer whipping sutuie, 
a cylinder was tor mod that tould be easih slipped oft the glass tube, leads for 
use 




mil n 'i." Of f-r.n MWlIns. t ,. „orf, er-ift lonUluUlnut .-utur. 
(, rlfK \ ir\nur m hum > »,, 7 . , , 
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to sepaiate at the end of the giaft when the sutiue needle -was inserted was’ 
easilv contioiled as one became familiar with handling the giaft Special care 
n as taken to insert the suture needle behind at least one crossing of the nylon 
net fibers Because these in Ion fiber junctions weie knotted, raveling was 
prevented and a sound anastomosis ensured A cuff of a graft appiovimateh 
1 to 2 nun. long was usually ei erted 


A 



B 

Fig: 3-—Representathe aortograms SIl\er clips placed adjacent to graft aorta anastomoses 
at surgerj A Fhe months B eight months 

Upon completion of the anastomoses, the shunt was lcmoied In sutiuing the 
distal aoitic incision and ligating the subclavian arten at the aortic nich Two 
sihci Cushing biam clips weie placed on adjacent tissue to identify the supeiior 
and mfeiioi extent of the graft foi latei \-rav The dogs lccened daih peni 
cillin for appioxiniateh one week and weie followed postopemtnelj bi palpation 
of femoral pulses, chest \-iais and aoitogiams leopeiatmn and neeropsi 
Gross specimens were photographed and histologic sections appiopnateh 
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stained In liematoxr lin and eosm can Gieson, Verhoefl (elastic), and special 
histochenuc.il techniques and stains to be mentioned 

Physical limitations made it necessan to dei elop a method of aortographv 
that Mould eliminate the need for artenal cutdomi and catheterization In 
the right lateral position the point of maximum cardiac impulse eras usualh 
palpated about the left fourth 01 fifth interspace appi oximatelv 4 to 6 cm 
postcnoi to the sternum A Xo IS needle mounted on a 10 c c svnnge, was 
introduced at this site at approxnnateh a 45 degiee angle, posteriorly and 

A 



1,„, .''r 1 portopyraU'e cmn aorta specimen 1 External onwnmn™ , „„„ 

Tau nn “ 


I UI ' tl1 11 < ’ ,,,cro,1 11,0 Ie,t 'ontriele Tins pos.tion uns confiunod In 
'Inning Inch bright ml blood and then 10 c e of 35 per cent Diodiast uns 
cj'iickl\ injected I ight exposures, at one-half second intervals, Mere made on 
' , s< ilogrnph Occas.onalh, the right heart nns aceidentalh 

«mered and tin aortogr in. Mould ho repented immedmteh A number of anmnls 

r V " n "' " U »' " 1r HiMpitlnonlnr ,od,„ 2 ' 

t-n ferem c mr the s U h\,phoid approach r swt,ni » 
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RESULTS 

Thnti-fi\e dogs included m this study ueie autopsied at postopeiatnc 
penods fioni one day thiough eleven months Imtiallj', seieial dogs died in 
the immediate postopeiative penod fiom the effects of aoitie cioss clamping 
befoie the shunt was devised Although then giafts weie examined, thei 
were not included m this gioup Neeiopsv uas peifoimed at legulai short 

A 



Fig 5 —Graft and aorta opened lonsritudlnallj A, smooth lajer linline oran(re 

disappearing one ueek B Mural thrombus In central graft with earl> jellou and orange 
discoloration along periphery of thrombus four months 


mteivals during the fiist thiee ueeks and thereafter at appioximatelv monthlv 
intervals Of the total, 2 dogs died fiom dehiscence of the anastomotic sutuie 
line, both secondary to adjacent infection, 1 at eight dais due to a localized 
abscess, and the other at foitv-seien dais due to infection from a letamet 
suigical sponge Anothei died at three months fiom mesenteric and peripheral 
emboli ongmating m a thiombus at a technical!! faulty distal anastomosis 
Several dogs dvmg of unrelated causes at later penods ueie also included 
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\DLER U.-TOGEN01* THORACIC AORTA GRAFTS 
The mjorrt, of the .logo were »W ami oetne a. the trme of eleet.re reorera- 

"""Do a go"p«The first postoperof.e month had an aortog.am before eleetne 
sacrifice and a number liad additional aortograms during their postoperati 
course Vo graft showed significant dilatation 01 constriction although se%e 
displaced some narrowing at the sites of anastomoses In oier 60 intracardiac 
aortograms theie u as no instance of extent e bleeding nn oeaidial damage o 
death directh attributable to tlie method The elastic pioperties of the mlon 



Fjc r ~l , hotomlcmpraph of central area of pmft with orpanizmp: mural thrombi!* 
t i n i on Mi iff month* Thrombus Intlmit* \\ adh r*-ni to jHrJcnrdfum and de\olopinu 
►tmvth rurfao It blonde! pr-i luall’i Into p^eudolnUma eo\crintr praft, Tho thrombln~flbrino 
c n ci acufum hi* b-'in r» plne*-tf b% fibrous tl«**u« /—lum n T — thrombu* P —pericardium 
\ —Mt #>r njdon n« t (fncnient il iurinc pn p lmtlon of *p*cirmn) PI L —adherent pulmonarv 
t' u <h rmtowlin nn 1 «-o«in M »in 12 mm micro t « nr ) 

mt dloned the grift t<> hue a «crtain amount of expansile pulsation nb- 
riod at the time of tin ornunal operation md also at leoper-itioti months Intel 
11ns «is tin its 1, s.s jiroiioiiin td ih in that set n m the proxini ll inrta Ad- 
juuii lissin and lulu: soon lit, unt idhtmit to il )( ta ill md ouMsuunlh 
dm (t i is< til ir i ojiiiiiunn itions mn ohst r\< <1 

lti lour to si\ hours postopi r itneh n rtd pattln diposition of blood 
-him tits . onld !•< s, ,n ou tin suriut of tin )n ri< lrdium Durintr the next 
s-i.r.l di\s this usualh protrnsMd to q nhotx incr ot blood nils md 
fibrin th it tould bi partinlh shaped off the peritardmm with a fmcern til At 
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the end of one week, this layei had become a palei, rathei homogeneous, 
fibrinous eoagulum with a smooth surface that blended with the mtnna advancing 
fiom the aorfa Bi two weeks, this pseudo-mtima was becoming moie fibunous 
wnth a sui face layer that assumed an mtimalike function m later weeks 

The thiombin-fibmogen eoagulum between the pencaidium and 113Ion net 
was imaded bv new capillaries at the end of one week following an earlier penod 
of cellulai infiltiation By two w'eeks, this substance was pa 1 trail v leplaced 
by filnous tissue binding the U3lon net to the pencaidium A snnilai fibious 



Fig 7 —Photomicrograph of aorta~graft Junction eight months Isote firm union of 
aorta and graft and blending of Intlma from aorta with pseudolntima of the graft A —aorta 
P —pericardium PI —pseudolntima N -—site of njion net (fragmented in preparation of sped 
men) //—lumen (hematoxj lln and eosln stain 48 mm micro tessar 


leaction occuned outside the ii3don w'hich contilbuted to the piogiessive thick¬ 
ening of the graft wall The pencardium maintained its noimal appeaiance, al¬ 
though m two giafts it underwent a modeiate but temp ora iy swelling between 
the second and fifth postoperative dais Bi r eight to ten months the pencaidium 
appealed to blend with the adjacent fibrous tissue 

Mm at thrombi were rather siupnsingly common Thej' were most fre¬ 
quently located m the cential area of the graft and on surface irregulaiities 
These thiombi usuall} lost then led coloi and blended with the siuioundmg 
pseudomtima when examined in later months Yellow' and orange stains and 
patches w ere also obsen ed m a numbci of grafts 

DISCUSSION 

The tluombin-fibimogen eoagulum was effectne in holding the 113Ion and 
pencardium together It appealed to be well tolerated hi the host, becoming 
replaced by fibrous tissue (furthei detail 011 the uses of topical thrombin and 
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fibrinogen is to be published) The m Ion net w as an effeetn e elastic suppoit 
that presented dilatation of the graft, allowed free ingrowth of an adjacent 
\ ascular suppl' and permitted a sound anastomosis between the giaft and 
aorta The pericardium maintained its normal appearance although it seemec 
to undergo swelling or mild degeneration during the first several davs possiblv 
reflecting an internal until it gamed a new blood supplv Its surface usuallv 
became coated to a variable degree bv precipitated blood elements which 
formed a rather homogeneous eoagulum that underwent fibrinous change and 
assumed the function of an mtima Tins laaer despite its vamng thickness m 
different graits as well as in difterent areas of the same graft blended smoothie 
with the aortic mtima It appeared that the mtima adiancing from each end 
of the host aorta seldom eompletelv spanned the graft Tins left the more central 
portions of the graft eocered In the blood elements 11111011 adapted to the func¬ 
tion ot an mtnna or progressed to form a mural thrombus Flattened mural 
thrombi "Iso occurred m irregularities and depressions 111 the giaft as if trvrng 
to fill m such areas in an effort to form a more umioim and streamlined lumen 
Those mural thrombi iisualh lost then granular appearance and eeentualli 
dei eloped 1 smooth smfaee that blended in with the adjacent pseudo-mtima 
B\ two to three months \ellow and orange stams and patches could lie seen 
that hue been referted to as eholesteiol degeneration 01 the peneai(hum v * 
In this stud' this was obsened almost imariabh 111 association with mural 
thrombi which stimulated a more detailed examination of the phenomenon In 
older gratts these icllow and orange areas tended to persist as the mural 
thrombi were losing their identitv In organization and functional adaptation 
It a new luer of blood elements became deposited 011 the surface of the or¬ 
ganizing thrombus to form a new pseudo-intima the remaining \ el low aiea 
could appear like a submtimal plaque The pericardium itself did not ap- 
l>e ir to he uwohed in the process Xo evidence of calcifieation or ossification 
w is ol>ser\ ed 


The discolored area and host aorta for control were studied bv the fol¬ 
low me methods ( 1 ) tor cholesterol and its esters bv Schultz s method" ( 2 ) 
tor lipid In a modified oil red 0 stain' ( 3 ) lor hemosiderin (iron) In Gomoris 
modified method As a result of these histochcnneal tests and stains it was found 
that the rellow and ornuee colors were the result ol a aariable accumulation 
01 cholesterol lipid and hemosiderin Thci were concentrated in the mural 
thrombus and adjacent pseudo mtima hut apparenth not 111 the pericardium 
'n complrison these substances were not found 111 the normal aorta The 
lipid was distributed m the lorm ot minute droplets with no apprecnble e\i 
>hn<r 01 acicular shts or lipoid pramdom items reaction The lipid sometimes 

'"•mm mon condensed within 1 fibrous ronnectne tissue base m the deeper 
murr ozonized lna era 01 th, thrombi Hemos.denn and related hemoglobin 
Plenums tended to he distributed at random throughout the organizing 
.hrumhus h w is postulated that the cholesterol and lipid were denied from 
- Hood stream and the hemosulerm tram tin breakdown of emhrocites 
nnsubrabb mdiaulual tamtams blood clement deposition and mural 
■ hrambnsis were prcvut and must hue been relmd to such factors as 2 
brTm t.nsmn on the gran causing surface irre gulanties and aanous ZZ 
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disproportions between giaft and aorta Inherent deficiencies in the pericardial 
surface may have been a factor, but these same surface phenomena have been 
observed by the author in nylon cloth giafts alone The high blood pressure, 
huge cross section, and rapid truIndent flow pecuhai to the thoiacic aorta must 
have been of some importance in the pathogenesis of these phenomena In the 
absence of gross enois m suigical technique, these giafts did not undergo 
progressive thrombotic occlusion Autogenous pericardial grafts in the 
thoracic aorta of the dog have been shown to lemam patent on aortography as 
long as three years J Careful histopathologic study of long-term pericardial 
gi afts wdl be necessary for complete evaluation of the method 


SUMMAR4 


1 Aortic giafts fasluoned fiom autogenous pericardium, nylon net, and 
a thrombm-fibrmogen eoagulum appeared to function satisfactorily for periods 
up to slightly less than one rear Long-teim follow-up studies will be neces 
sar\ for complete evaluation of the method 

2 Attention is dnected to certain aspects of muial thiombosis and lipid 
deposition encountered in the grafts 

3 An aortic polythene by-pass shunt and a method of aoitogiaphy In 
direct trans\entncidai needle punctuie aie descubed 

I wish to acknowledge the help of Captain James Bowman with certain aspects of histo 
pathologic technique 
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Discussion 


DR J KARL POPPE, Portland, Ore—I should like to ask Dr Adler whether heparin 
dissolves the thrombin and fibrinogen eoagulum used to hold together his grafts Mv own 
experience has indicated the necessitv for prelimmarv moistening of the graft with 
heparin to prevent clotting during its insertion This seemed particularlv true vvhen 
inserting grafts m the thoracic aorta with a temporarv polyethylene tube shunt inside the 
lumen, permitting a slight but continuous leakage of blood into the graft during its in 
sertion 

Orion fabric grafts moistened with heparin before use tended to leak undulv and 
fabric grafts without heparin tended to fill with clots during insertion in the thoracic 
aortas of 10 dogs 



ADLER 


U.TOGENOU'a THORACIC AORTA GRAFTS 


32 ? 


Tins difficult!- was corrected in subsequent dogs bv making the fabric impervious to 
initial leakage bi impregnating it* outer surface vnth polvethvlene film m an autoclave 
The polvethilene filleT permitted the use of heparin on the graft with unpuniti from 
clotting, leaking, or fraving of the edge* This method differs from that proposed bi 
<5 humacker in that onh one laser of fabnc is used instead of tiro laiers with the poll 
ethvlcne film between them Reducing the thickness make* the material more pliable 
and permits greater en*e in turning back the cuff* 

DR PAUL At LAAGER, Charlotte, X C— The search for the ideal substitute for the 
arterial graft continue* This is becau*e the maintenance of an arterial bank is impossible 
in mam situation* and al*o became the homogrnft still leaies something to be desired 
lor the*e reasons we time turned our attention to smthetic material* AVe ha\e u*ed an 
Orion knit material which is similar to the material in ladies’ ho*e AA e have also used 
mlon wosen material which is similar to the wea\e used for a shirt These materials 
lime met certain strict criteria (1) The' can withstand sterilization without lo*s Of 
properties (2) The*e fibers are clo*el\ constructed to avoid leakage (3) The substance 
is made of a fine filament with a smooth inner surface (4) The materials are non 
irritating when placed in the hod' and are resistant to breakdown and deterioration (5) 
furthermore the\ are strong when net, and thei re*i*t defornnti and stretch in the 
longitudinal plane under conditions contained in the experimental animal and the human 
hod' 

The' lime *ome disadiantages, howe'er The smthetic tubes used in the past haie 
had a longitudinal *eam, and the material ha* frn'ed at the cut edge making it nece*«nr\ 
to cuff it for an end to end anastomosis with the host vessel This introduced n technical 
problem of haung to sew through four thicknesses of material where the seam lap* were 
superimposed 

A\e felt that a seamless fdue would be much more desirable Korth CnTolmn State 
College School of Textile* and Mr Tohn B Sidebotham of Philadelphia worked on this 
problem with u* Thei dcsised a method of knitting and weaving a seamless tube for u* 
('Ride) Angiocardiogram showing the graft i* patent with normal blood flow distnlh 
and with onli minimal indentation at the *uture line 

(Slide) Graft remo\ed *ix month* after it* insertion showing complete coienng In 
glistening p«eudoendothelium 

(‘slide) The wall* of the graft are magnified approximate!' 50 times Dense 
collagenou* ti**uc i« found extending through the meshes of the fabric 

(•slide) The characteristic appearance of abdominal and common iliac aneurism* 
(( ourtesi of Dr* Creech DeBnhci and Coolei ) 

(Slide) Knit Orion graft in po*itmn after remoi nl of the aneurism (Courtesv of 
Dr* Creech DoBiV.es, and Coohi > 

Ate haie u*ed thi* fabric n« *leeie graft* in the thoracic and abdominal aortas of 5" 
'logs, and W( and other* haie al*n u*cd it in 21 human being* 

The strength of an nrun depend* upon it* eln*tic tissue In liomogrnfts, the elastic 
ti* uc cicntnatli di appear*, while in the*e plastic graft* the artificial fiber remains in 
tact Thus, tin* smthetic fiber seeming!' *erie* a* tla*tic ti**ue 

This ,* n matt nnl winch is .heap i* < n*ili eared for and can be made mailable to 

nn\ 


D1 RV! PIt DKTMtl 1NG IK >c"Anrk \ A —In about loti, we began to im 

plant aortic W< v raf,* ml., tin aorta* of dog* and after three 'ear*, we were distre**ed 
to fin 1 calcH.cntion * r tH .1. t. nor ,t,o n of th. elastic framework and thinning of function 
ing graft* \Uh„, u h w, ,!,d not . .ante r am „r> m formation in .In_s studied few oier 
rn ’''' n l‘I“ «"•> to be progr,s*n, Approx,mat, h ,| lr(( 

' V \ iUAa} '™ '* »»>■ "")• .nt.r*pa,,* ,la*tic,ti and *tren th Uwa* 
"'ll- fl to arterial v. n-i, n n.l pericardial raft t 

*. . . . . - »>■; ,o 

after ,1* ,rc ,„, n w. «,r. .pm, .leUghtedw,,!, tie result. ^ 



524 


THE JOURTx VE OF THOR \CIC SURGES! 


(Slide) On the left is an aortogrnm which shows a graft of the external jugular xein 
m the thoracic aorta of a dog at about one rear There is elongation and aneurysmal 
dilatation of the implant On the right is a similar graft snpoprted b\ the tulle net for 
one i ear, and there is no significant change from the time of implantation 

We have now followed these dogs for oyer three years nnd I must rise to state that 
3 of about 15 haic shown significant late dilatation despite external support bv nylon net 
A careful dissection of these grafts, which were autogenous inferior \enn cay a implanted 
in the thoracic aorta, repealed rupture of the n\lon strands at the loops of the tulle wenye 
This weave has a knotting of each fiber as it crosses another, in contrast to a taffeta wenve, 
for example This knotting would bo an advantage, we thought, in preventing slipping of the 
threads nnd in imparting maximal elastieitv to the net It appears, however, that the nylon 
fiber “fatigued” at the knot with continuous pulsatile stress, and eventunllv broke It is 
significant that it was not until after two and a half xears that we saw this, and emphasizes 
our contention that long term follow up is essential in vessel replacement programs 

"ft e supported aortic homografts in about 12 clinical cases but, fortunateh, because 
of the size of the vessel, I generaLh used three or more lavers of the net about the grafts 
In one pntient with a single laver about an aneurism which could not be rentoi ed because 
of renal arterial mi oil ement, there was subsequent increase in size of the aortic aneurvsm 
The patient died of rupture of the aorta well above the net, about sixteen months later 
"ft ith regard to the use of svnthetic materials for blood lessel replacement, we have 
had extensu c experience at Presbyterian Hospital Following the pioneer work of Dr 
Blnkemore’s associates, mv own laboratory group have joined forces m exnlunting the vnnous 
materials suitable for use as grafts Accordingly, over 130 dogs have been studied for up to 
four jear- There have been about 70 clinical replacements of aorta or peripheral arteries 
during the past two years by Drs Blakemore, McAllister, nnd mjself A taffeta yveaye of 
Vinyon IN', nylon, or Dacron has been employed, ynth verv satisfnetorv results I must express 
a yvord of caution, however The ready accessibility of svnthetic fibnc from casual sources 
has encouraged suigeons to use these materials for vessel replacement, often yvith no technical 
information about the material and, unfortunately, at times without adequate technical back 
ground These fabrics should be obtained from reliable sources nnd hnx e been yrcll tested 
before clinical use Certain textiles used for clothing Imve dies, toxic additives, nnd 
roughening processes employed m the finishing, that might make them unsafe for medical 
use The braided tubes are promising, but hay e not had nn extensiye nor long tnnl ns 
ynscular replacements For any of these svnthetic materials to have good function, they 
must be used m the proper eases, and must bo implanted with meticulous care 

I)R RICHARD II ADLER, Denier Colo—In nnsyver to Dr Poppe s question, we Iiaic 
not found it necessary to use heparin postoperativeli because the grafts have all lemnined 
patent Mural thrombi were found at post mortem examination of some grafts but these did 
not appear to progress and cause occlusion of the lumen The feiv grafts thnt had endencc 
of thrombi extending further were due to technical errors at the anastomoses Along this line, 

I should like to mention another material we are also u»ing by itself, yvhicli is a type of 
‘calendered” nylon cloth As I understand this process of heat pressing, the microseopicnlh 
demonstrable spaces between the fibers become relntnelx diminished I hesitate to 
mention this because the encouraging course of these giafts is only a little oier six months 
old Ill dogs, we linye replaced the entire descending thoracic aorta and are ninking aortic 
arches yvith satisfactory results Blood is let bnek into the graft yrhich is surrounded In 
surgical sponges nnd manual pressure is exerted to counteract the blood pressure After 
one to three minutes, the sponges are remoxed and no bleeding occurs As a result, we 
liaxe not found it necessary to use a method of thrombin coating or polythene sheet with 
this calendered nylon fabric to control leakage ft c hnye “uccessfullv used this nintennl 
in one human patient to replace the aorta from below the renal arteries to both external 
duns I yvns interested in hearing Dr Diterling’s comments nbout the tyvo nnd three yenr 
folloyy up, nnd thnt again emphasizes the importance of longtime follow up on these types 
of plastic materials before one inn draw definite conclusions 



THE LYMPHATIC DRAINAGE OF SILVER-COATED RADIOACTIVE 
COLD COLLOID FOLLOWING INTRATHORACIC ADMINISTRATION 
TO PNEUMONECTOMIZED DOGS 

R A Matlska, MD (by incitation ), P F Hahn, PhD (by invitation) 
R I Carlson MD , S H Auerbach, MD (by invitation), and 
G R Meneely, M D (by invitation) 

N \SHVILLE TeNN 


T HERE is no need to dwell upon the nioibid statistics of bioncliogenic car¬ 
cinoma In an attempt to impiove the results cuiientlv obtained b\ surgical 
md radiologic methods, 1m estigation of the therapeutic value of 1 adionetiv e 
isotopes has been earned out at the Naslinlle Veteians Adnimistiation Hospital 
<>ur inteiest was diawn to Au’ os foi S 5 to % per cent of its energv is emitted 
is beta particles with a penetration of 0 3 mm (water) and thus evidence 
radiologic selectmtv 

Radioactive Au ,qs admmisteied lntrabioncliiallv has been found in the 
regional mediastinal lvnipli nodes as has been previoush reported from this 
lahoraton 1 Unfortunatelv, An 1 ' 14 with a half-life of 2 T das s mov es slowlv 
from its point of application and its eneigv l,as been laigelv expended b\ tlie 
time it appears in the logional lvnipli nodes 

Halm 1 has shown that radioactive colloidal Au 1 ®' tieatcd with silver nitrate 
and ascorbic acid resulted in a pieparation which retained the characteristics 
of gold from a radiologic standpoint but behaved as a sihci colloid in the 
tissues with rapid absoiption into the regional lvmphaties and lvnipli nodes 
Hahn and Caiothers 3 have shown that the intrnbionehial administration of this 
silver coated gold lesults m an earlv appearance of the colloidal lintcual m the 
mednstmal lvmph nodes m a significant quantitv 
0 This paper reports the lesults of silver-coated gold mtioduced into the 
emptv hemithornv of dogs following pneumoncctomv 

Mongrel dogs, 10 a to 10 o kilogiams m weight, weie subjected to pneu- 
nmiiutomv At various times during the postoperative peuod silver-coated gold 
'ollmd was injected into the emptv henuthoinx the dosage ringing fiom 31 to 
1 >0 im The dogs wen sacrificed at various intervals postinjcction ringing 
from two to fortv-four davs There w is one death m this scries Dog \o IS died 
"a tin tlurtv first dav aftn injection fiom pneumonia which was felt to be 
itnrel ill <1 to the thenpv 

\t antopsc lcpri'M nt ltive lvmph nodes weie dissected out dunned of 
The in itial tissm weighed pi iml in fonnaldi Inde and the radioac ttv itv deter- 
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mined m a Texas vell countei Histologic studies Mere done Tlie following 
nodes were studied right hionchial, carrnal, left bionehial, anteiioi superior 
mediastinal, right supenoi mediastinal, left supenoi mediastinal, right supra¬ 
clavicular and left supraclaviculai These are lllustiated in Pig 1 



FIs i 

In addition, specimens of the parietal pleuia, the pencardium, the lner, and 
spleen were studied Gioss inspection of the hemithorax at autopsy shoved no 
evidence of inflammation Bronchial stumps healed well in all cases Histologic 
study of the liver, spleen, and, m 1 case, the bone marrow shoved no abnormal 
lties 

RESULTS 

Significant quantities of the colloid material weie iound in the mediastinal 
nodes m dogs sacrificed on the second dai Dogs sacrificed later did not haie 
significantlj more gold in the nodes studied In calculating the beta eqimalent 
roentgens, onlv the ladiation emitted aftei forty -eight houis was deteimined 
In all dogs studied, the mediastinal nodes leeeived the greatest amount of 
nradiation, onh a lare lnlai node recened significant amounts The length of 
tune between opeiation and injection of the isotope did not seem to altei the 
lesults Foi comenience the dogs can be divided into two gioups 

Gioup I consists of dogs that lecened a dose of 40 me oi moie Tlieie veie 
10 dogs in this group (Table I) It will be noted that in this gioup the antenoi 
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superior mediastinal nodes receded adequate uradiation in all instances and the 
naht superior mediastinal and left superior ntediastmal nodes in about cO per 
cent of the eases In Dogs No IS and No 19 a long vnteival existed between rniec- 
tion and counting Counts on these dogs, due to the rapid deeav curve of gold, 
were too neai the backgiouiul count to peimit calculation of the radiologic 
efixet How ei ei histologic studies showed these nodes to be markedlv dis¬ 
organized If these aie considered as having iceened adequate irradiation the 
percentage is then 90 per cent 
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Group 11 consists of 11 dogs that iceened less than 40 me (Table II) 
This table shows the beta equivalent loentgens received m the three groups of 
mediastinal hmph uodes m these dogs With tins smallei dosage results were 
less predictable Even with these doses the anterior supenoi mediastinal nodes 
received therapeutic nradiation in about 40 pci cent ot the cases 
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tb. tnednstinal nodes showed destructive changes 
not < onstantlv pioportioml n, dosage and elapsed 
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survivors m these nodes (Fig 3 ) Evidence of legeneiation of hmphoid tissue 
was obsened msome long-term survivors Eivtlnophagoevtosis uas a piominent 
featuie in nodes with high counts from animals sacrificed eailv and also m some 
with moderatelv high counts sacrificed later 
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DISCUSSION 

One can conclude from this experiment that the panetal and mediastinal 
pleurae in pneumonectomized dogs dram into the mediastinal nodes and that in 
normal dogs these nodes mav be destiojed by the intrapleural injection of 
ladioactive sihei coated gold colloid solution 

It is unlikeh that lvmph nodes replaced by tumor vould pick up sufficient 
radioactive material to sterilize them It is not unreasonable, howevei, to belieie 
that small emboli m these lymph nodes could be destroi ed bj this method One 
of the great adiantages of this form of tieatment is the easv manner with which 
it mav be used as an adjunct to surgen 
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If these observations pioae to be valid m the human hernia prophvactic 
tvpe J mediastinal dissection could he added to pneumonectoim m the 
m Tnt of patients ruth resectible bronchogenic carcinoma 
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Fig 3 


Cumnth it the Nnsh\illo \ derails Administration Hospital, sil\ or coated 
mdunctno gold colloid is being nncctcd into the emptc hemithorax of patients 
who Imc had piuuinonettonn for bronchogenic earcinonia The dosage has 
ranged from 75 to 150 m< It is much too earh to anahve the results of this 
proudnrc limunr to d itc no ill eficets ha\c been observed 
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Discussion 

DR REX PERKINS, Birmingham, Ala —We hare dono animal work of a similar 
nature, and our fin d i ngs agreo with thoso that Dr Carlson has so well presented The 
bronchial stump healed well in the presence of heavy doses of radioactive An 138 despite 
the fact that we encouraged disruption by leaving the stump long, using heavy silk, and not 
pleuralizing the stump The gold is taken up by hilar and mediastinal nodes, as demonstrated 
by tissue count and radioautograplis We were unable to correlate closely the size and duration 
of dose with tissue counts and radioautograph pieturo We are at present continuing this 
work in an effort to quantitate nodal uptake more closely 

As we know, certain dyes injected near a cancer tend, by lymphatic spread, to circumvent 
the cancerous nodes and go to normal nodes This may also happen m the situation we are 
considering with Aums Nevertheless, since the procedure is safe, and since the Auiss is 
taken up by mediastinal nodes, including those of the opposite side, in quantity sufficient to 
destroy the nodes, we feel that this procedure deserves an extensive controlled clinical 
application 
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T HE oomept tor reducing the size of the annulus m a llvular insufficiencies 
A" a method toi the correction ot this d'stunction hns heen presented in pre- 
\ions public vtions 5 : Compared to the principle oi replacement of occluding 
\ ah ular elements upon A\hieh prn.tn.allA ill prcAiouxlv suggested techniques are 
based 1 the reduction oi the a ,i 1 a ular ring 1 >a tmumterenti ll suture hns sev- 
it-il thcorotual and prutuil adi int iges Tins is i spoolilh true Avhen applied 
to the atno\ cut nail ir a iIacs more speoitualh the mitral Aahe These ud- 
Aant n:t.s include the tact tint this pitxedure does not require the introduction 
of toroisn materials across the limn n ot the tardiae tin tubers It makes lull 

use ot all remaining Aahular substance tapable ot t unit ion Tlie effect ia e orifice 
ot the ntrioAiiuruular comnuinication is not enerouhed upon In plugs or 
sutured ilisps It miolies no more nitru mini nnmpulmon than does a eom- 
iius.surotouiA and nsuits m no significant maoi mini traumi It not onh mikes 
possible the elimiii ition or mine t ion oi rt'gimnt it ion is mil be shown but it is 
pluisible to expect that the size of the ninoientriculnr ring mil ho rendered 
mcapihh oi progres>i\c uilargement This principle with or without con 
lonutuit eommissurotoiUA appiirs applu lhle to most terms oi mitral nisuf- 

tu 1 < IK A 


Tima, ot the tore going statements merit nirther ilirihiation Techniques 
lmoUma the iw oi prosthitn. plugs or leifiet suturing methods ire associated 
with consult table operatne traumi and with una\onlil>K reduction m the 
t vpanti ot the iflixtne a ah ular ontue The phueniuit ot am known material 
u ross the lunun ot the a mul ir thunbirs his long hcai known to result in a 
an high uk ldtin.v ov tlmwnhosw tnqmntK gning rise to emlHilrutioii Tissue 
-rails wltuh arc Mihuxted to the pit spires extant m the heart iIuuiIkts tpn- 
tii ul trh the untrulesN will nntnlh swell and present a serious danger of 
t'bstnii Utin Thtv tisMiis nltunat. h fibrose and shrink eonipleteh loan- 
th.ir ih xibilitx ' ’ A surgical protedim wl.nh , m athicvt the tltmrvd resiih 
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without the use of mtiacardiac foieign materials and without impeding blood 
flow would seem to be, phj siologieally and anatomically, a more acceptable ap 
proach to the pioblem of mitral regurgitation In a sense, the circumferential 
suture procedure can be compared to techniques used m stenotic valvular dis 
ease in which the success attained is, in great measure, due to the fact that these 
techniques necessitate mtracaidiae manipulation only and do not otherwise 
alter the structures involved 



Fig 1—A semidiagrammatic representation of the A, Normal mitral vahe ring and 
leaflets In diastole. 

B, Diseased mitral vahe in which marked insufficiency with enlargement of the ring 
is present. This figure attempts to show the discrepancy between the potential (a) and 

effective (b) orifices 

C, Represents the circumferentially constricted A V ring illustrating the relaxation of 
the leaflets and the freedom of the effective orifice (See text.) 

The anatomi of the mitral valve utilizes the basic construction principles of 
simple, unidirectional mechanical vahes The flow through such valves depends 
upon the size of the 01 ifiee opened when the occluding elements retract This can 
be teimed the effective orifice The efficiency of the iahe depends not only on its 
ability to open and provide minimum resistance to diastolic flow but also on its 
capacity completely to occlude the communication betyveen the chambers inyolved 
during si stole This communication can be teimed the potential orifice because 
it is that yvhicli would result if one yyerc to lemovc or destiov all yahuilar sub 
stance In the noimal mitral valve (as well as in the tucuspid), the retractility 
of the leaflets proyidcs an opening (the effectne orifice) yyhich almost equals 
m total area that encompassed by the annulus and yentricular mflou tract (the 
potential orifice) In the diseased valye, hoyveycr, commissural fusion, leaflet 
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thi ekcnmg and ngidi^ , shortenm^^fchordae^e^mea^an^eiJargement^of^the 

~ sssit: 

logical because reduction of the area oi me puieuw 

comnlished without sigmficant encroachment upon the effective orifice Tins us 
co because of the pathologic niorpliologi of the aalve as t icre is usua ' a 
iS /mo™, ol po.cn,.am fnnO.nnl cah-nlar ussue between the two or,flees 

(Fig 1) 
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Vic 2 — t Uhi ir it th situ illon in F}phl11tlc aortic inMitllri* nc\ wluro n tlllatntlon 
f tlif \ ihulnr rtnc jl»}5 a promln* nt rob <1> Conc»l\nblv constriction of the nnnulu* (-\ 
ci ul i fllmlnnb ln<utllr| n \ without pro lurlnc *trnosl* b^-cau** th cusp* remain pliable ami 
in all t> function r< i onnbU \\<ll 

/ H pr nt* On contra link Mtu itlnn in nt n*> phlllth aortic \nh< <li«a *i«e wlu r( the 
In u Tin n<“\ \* H v n-nt ! with tlx ->1 ri*>t 1 tu P< Imajabl* of motion <11 Constrktlon of nuch 
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In coitun t\pis oi rt ,im_ii ttion 01 tin \tntmulu out (low \ dies (it 
sipluhtn. iortn uidulitm pulnionit msuflicicncu si t it is quite ioneei\,tble tint 
r<rt limit r. nti d < tmMnt lion m i\ rt du<*p tlic* dm repant \ bt tween tlic torrospond 
nid poti titi il orifum without Muufit mth tinburi-Mmr forw ird 
do \ <>n tin oiler lund in tlum. tondilmns in which \ortu msufiit it n< \ is 
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associated with extensne scan mg, calcification and fixation of the cusps, it 
appears doubtful that the principle of annular constriction can be applied foi 
the reduction of leguigitation without producing senous degiees of stenosis 
This is true because pathologically there is a ligid continuity of the cusps with 
the ling upon which they aie supported (Pig 2) In such cases, tlieie is not 
the residual pliability that one finds m the diseased mitral valve 



Fig 3 —A In a diseased mitral \al\e which Is both stenotic and Insufficient the leaflets 
are under tension in a manner similar to a stretched drumskln. 

B If a commissourotomj is performed stenosis should be relle%ed but serious regur 
gitatlon frequently results as a consequence of the separation of the cusps This Is com 
parable to the gap y\ hich results If one slashes a taut drumskln 

C If the annulus Is reduced in size the leaflets can relax and can be enabled to come 
In contact ^Ith each other Tills la comparable to mounting the slashed drumskln from a 
large drum on one of smaller diameter 


It has been noted that in a large numbei of nntial \al\es m which theic is 
a combination of stenosis and insufficiency theie is, also, a significant degiee of 
annular dilatation yyhich places the leaflets undei seycre tension and furthei 
hampers then ability to nio\e (Fig 3) Edy\aids 10 has descubed a phenomenon 
conipaiable to a sliding herniation m yyhich the annulus is displaced upyyaid 
(toyyard the atuum) m cases of seyoie nntial insufficiency 

It should be understood, then, that the efficacy of the piocedurc herein 
presented depends dnecth upon the dcgice ol yalvulai mobility oi iesidual 
potential function found m am gnen instance Its mechanical limitations, 
theiefoie, appeal to be similai to those of initial commissurotomy If one should 
be eon fi on ted with an incompetent but solidly calcified, ngid, unyielding yahe, 
such as those yyhich when stenotic, lespond but pooih to commissurotomy, the 
result of ciieumfcicntial sutiue might likewise be unsatisfacton Foitunatch 
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5UL h cases are in the mmoiitv In such situations nothing short of actual 
calve replacement mil suffice 1 ntil such i feat is possible howecci m serious 
decrees of surgealK produced oi existing nisuftieiciicc m association with such 
a calci one mac speculate that placement ot a cimimfeientuil suture might he 
of calue if onh to fix or stabilize the size ot the ling ccen though the initial 
degree ot re gurgitation he hut shghtlc reduced 01 remain unchanged 

Based on the arguments 311 st presented and alter a studv of the pertinent 
anatomic tenturos in normal and diseased human calces, an experimental pro- 
aram was initiated to incestigate the problems associated with the correction of 
calcular insufficiencies be the circumferential constriction ot the annulus To 
date this work has involved experimentation on some 150 dogs In the course 
01 these studies a well grounded technique for the correction of mitral in¬ 
sufficient e has been evoleed This communication deals with the stude of SO 
lmmals in which this procedure was performed The technique as used here 
is the result of modifications ot carious approaches tried m prelinvmnrc experi¬ 
ments The results of the initial cluneal trials are also included 


EXPERIMENT CL WORK 


In a senes ot eighteen acute experiments, 1 ' 15 mitral msufficiencc was pro- 
duted he either temg the muial (posterior) leaflet to the heart wall or he 
laeirating tins ballet with a hooked knife The resulting regurgitation was 
then corrected he placing a circumferential suture around the annulus In 
oeere ca«e an excellent regurgitant 3 et was palpable to the intra-atria) finger 
\ gross thrill was eeident on the suuaee ot the atrium and the tcpical changes 
of iiisaifiicicncc were reeoided 111 pressure pulse tracings In each instance the 
n gurgitation was cithei completelc eliminated or reduced to praetieallc undo 
tectalile degrees (Furs 4 and ot To accomplish this it evas neeessarc to con¬ 
strict the mitral ring to a diameter which was never less than 2 3 cm (41 s 
un ) in the dogs m which regurgitation eras produced he tvmg the leaflet 
Tin diameter of the constricted ring 111 S of the A dogs m which the cusp evas 
1 ut rit< tl was neecr less th in 1 S cm (2 5 sq cm ) In the ninth animal eon- 
stn< tmu had to lie earned to a ring diameter of 1 4 cm (1 5 sq cm ) These 
suhjnts cur. sacrificed in order to cheek the placement of the suture and to 
determine the extent m calcular immobilization or laceration ns cvell as the 
decree of eoiistne non 


\ stude 01 the . ir. umiircnti d sutur. technique anel its possible rouse 
quuKtN w is carried out m 1 sep irate series ot fi2 dogs ranging 111 s 120 jroin 
- ■ to Ml pounds These healihc lelult mongrel dogs were anesthetized with pen. 
t-'hirn d soduim \ 1 > 10 mg per kilogram of cvcightl anel eoutdated In con 

’"7’,”' ; 'r i ; ° r ' h,,mcnndc ‘ > r ' » h r c alec tc P o of respirator to a rwid 
■ ndotr ich. el canntil. (.pupped with a pneurn itic etifi hlcctroe irdmgmms werr 
made on th, uusilo tizesi animals heiore Mirgcrc record..," the standard and 
m M ,,l ir ht„h leads as well as tie usual s, N ,hcM le ,ds ]„ the fit-1 2s animal! 

the remainder.,rut neps.s w„s ohs, “rf 

" r s >' > \,t r , iatlurKt i ^ 
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Technique —The left chest was entered thiougli the SL\th interspace and 
the pericardium opened aftei mobilizing the plnenic nerve A hemostatic 
purse-string sutuie was placed about the base of the left atnal appendage Pres 
suie tiacmgs weie then taken singly m the left atuum, left icntncle, aoita, and 
pulmonaiy aiten The circumterential sutuie was placed and the series of 
tracings w r as lepeated before tung the sutuie, five minutes aftei it was tied to 
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Fig 4 —>4. Pressure tracings taken In a dog after exposure of the heart B After 
placement* but before tjing the circumferential suture the same tracings were taken C This 
was repeated after production of mitral regurgitation b> lacerating the mural leaflet. 
D Tracing taken after tying of the suture to a ring diameter of 1 8 cm 

Upper tracing left "ventricle middle left atrium lower ECG Lead n Note the 

re\ersal of both pressure and contour of the tracings after the suture was tied 

E Same experiment. To the left of the arrow is the tracing obtained after correction 
of the regurgitation While a continuous recording was made the circumferential suture was 
cut and pulled out (at arrow ) Note that after this point the regurgitant contour and pres 
sure changes reappear 


1 8 to 2 0 cm in diametei, and again twenti minutes aftei tjmg the suture 
The measurement of the constnetion was deteimined In measuring the opeia- 
toi’s left index fingei and eonstiicting the ring aiound a piedctenmned point 
on this fingei The pericardium was closed in all animals in which no pen 
cardial bolster was used (descnbed latci) and left open in the others The 
lungs weie inflated and the chest was closed with wne The electrocardiogram 
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ivas repeated at tlie completion of the operation The simivois m this senes 
were reoperated upon at one- to six-month intervals At that time a preopera¬ 
tive electrocardiogram was agam made, the chest uas opened to expose the 
heart and a senes of piessiue tiacmgs was made as before The animals were 
then sacrificed foi examination of the heart, lungs, liver, spleen, and kidnevs, 
routinely, and of the hi am u hen a lesion u as suspected All hearts n ere pre¬ 
served in Foimalin and paiaffin lustologic sections made of cuts from selected 
points on the initial ung and myocaidium as well as of othei oigans 11111011 
might have been giossh suspected of pathology 

The suture matenal used m 21 dogs was No 2 braided silk of thiee drffeient 
brands # In 13 animals, braided cotton umbilical tape was used t In the sub¬ 
sequent 28 animals, the same cotton tape was placed but m addition a segment 
of it v as coveied with a sleeve 01 bolstei of pencaidium 

In the first 34 animals, the technique consisted of placing the sutme medial] 1 
by starting for the postenoi aspect of the heart at a pomt just to the left of 
the postenoi descending coionary artery and immediately beneath the coionary 
sinus and distal cneumflex coronary arteiv The needle (a laige Reverdm, 
aftei tnal of seveial types, pioved to be pieferable) 11 as passed ventiad m the 
base of the mteiatnal septum, emeiging m the transieise smus at the junction 
of the antenor atnal walls with the septum The postenoi tail of the sutme 
was then threaded on a laige, curved needle (Mavo 01 Feiguson tvpe) and 
stitched anteiolateiallv into the atiioventnculai giooie, underpassmg the lat¬ 
eral branches of the circumflex coionarv so that it ftnalli lav just beneath the 
cneumflex bundle The antenoi tail of the sutme was then stitched beneath 
the cneumflex coronaiy artery and gieat caidiac vein at a pomt about 5 to 10 
mm fiom the take-off of the antenoi descending coionaiv The two tails weie 
thus brought together a few millimeters to the left of the antenoi descending 
coronaiy and immediately below the circumflex coionary m the penannulai fat 
pad At this pomt they were tied m a double squaie knot 

In the later 28 animals, the technique was modified m that no attempt was 
made to keep the medial segment of the sutuie within the substance of the 
septum This portion of the sutuie was intentionally passed into the light 
atnum, entering this chambei at a pomt just ventiad to the ostium of the 
coronary smus, then passed adjacent to the light side of the septum, piercing 
the antenoi right atnal wall at its junction with the antenoi base of the sep 
turn At this pomt the suture emeiged mto the ti ansi erse smus as befoie The 
segment of sutuie which was to lie in the transverse smus 11 as then encased 
m a pericardial sleeve 4 cm m length In 8 dogs, this sleeve was left attached 
as a pedicle giaft In the others, it was detached as a fiee graft A tunnel 
was made antcnoily beneath the circumflex coronaiy and gieat caidiac inn 
at a pomt about 1 cm latcial to the antenoi descending coionan Tins seg¬ 
ment of the sutuie so bolstered i\as then diawn back mto the tiansicrse smus 
hi traction on the posterior tail The antenoi tail nas passed beneath the 
circumflex tlnough the prenousli constiucted tunnel I 11 this niannci, the 

•Da\ls S. Geek Armcap Ethlcon and Deknatel black braided silk magrd on 0 Inch 
semlmalleable needles made up at our request 

fGudebrod Brothers braided umbilical tape. 
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pci lenrdium cm eied portion of the suture la\ m the groote of the transverse 
sinus extending from the antenoi ualls of the atna tlnough tlie tunnel and 
cnienrim: mterioih just ban. itli the circumflex: eoronan The postenor tail 
w is next < mied anterolaterdh umh rpissing the coronal\ hrimhes and tied 
mteriorlx before (Fig G) 

The reason loi the modifications in the technique used in this last group 
ot doirs espeeialh the use ot pericardial bolsters was the ract that m two thirds 
of the animals sunning the placement of either the braided silk 01 the bare 
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path healed behind it This lesulted in the foimation of a cuuous shelf like pio 
jection of fibrous tissue into the lumen of the atrium This shelf was consistently 
located a millimetei 01 two above the valve ring, extending fiom the anteiioi 
limits of the inteiatiial septum to a point just latcial to the anteiolatcial com 
missure, forming a cieseent-shaped sear In most of the specimens, the sutuie 
piesented in the centei of the crescent so that a small portion of it lay exposed 
to the blood stieam Heie, a polyplike mass of granulation tissue, varying in 
size from 2 mm to 1 cm was almost always present (Fig 7, A, B, G, D, and E) 
In 2 animals, eiosion ivas so rapid that an acute, fatal eaidiac tamponade ic 
suited 



Pig 7 (Contd) — E, The diagram at the top of the illustration demonstrates the appear¬ 
ance of the crescent-like scar or shelf* with its central poljplike mass of granulation 
tissue as viewed from the atrial side. Below this diagram are three sections across the seg¬ 
ment of the ring which is adjacent to the transterse sinus to show the position of the suture 
In the groo\e of the sinus and then as it graduallj erodes into the atrial lumen 
1 aortic ial\e cusp 2, mitral \al\e cusp 3 suture aortic wall 5, atrial wall 6, scarring 
in the path of erosion and obliteration of the trans\erse sinus groove. 


Since the obsemation was made that the site of eiosion was alwajs the same, 
it was leasoned that this was piobabbv due to the fixation of the annulus at 
this point to the fibrous framewoik that supports the tricuspid and aortic rings 
as well as the mitral, to the thinness of the left atnal wall at the base of the 
appendage, and to the “sawing” action of the sutuie Means foi pieventing 
this were considered Among these, the possible use of othei suture materials 
was prominent It was thought that a smoother, softer, and larger cabber ma¬ 
terial might be m 01 dei Tissue strips were thought to be too unreliable since 
the likelihood of their uncontrollable constricting effect by scarring presented a 
potential danger of producing too great a narrowing of the mg While in- 
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ustieatimr the poasibihtv of obtaunn? a more suitable material it was thought 
north while to tn covering the offending segment of suture with a pericardial 
<dec\e or bolster Because of its segmental application this tissue cover seemed 
unliheh to produce excessive constnction bv scar At first this was left at¬ 
tached In a pedicle to the pericardial sac This insulted m the nsk of kiukmg 
the circumflex voronarv and did not seem to be of anv real adjutage The 
holster was then made as a free graft, taking precaution to fasten both ends 
01 the sleev e to the cotton tape itself thus preventing “telescoping’ of the sleeve 
on the suture 

I’afhnlngii —None of the specimens in which the suture was prepared with 
\n ricardnim showed either acute or chronic erosion (Table I) 1 The size of 
the ring remained essentiallv the same as that to which it had been tied except 
in 2 animals m winch at autopsv the ring was thought to ha\c been sliglitlv 
reduced bovond the original size The observation peuod of one to six months 
m these 02 animals seemed adequate Note that m 9 of the 18 dogs m which 
the silk or cotton suture cut through it did so within a mouth (Table I) 
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Ml v lrieiio of suture were will toleiatrd bv the surroundin'* tissues 
Tin i, was n ilnru tcristic mute liiflunm itoi\ reaction trotuid the inateri il 
'»i< urruur f irlv whuh cradudU subsided The cellular infiltration was 
upland m v few weeks be a fibrous envelope surrounding the suture 
Tb.i Mt turn w is soniewli it ernt.r around the pin, inlmmooum] segrmnt 
wh.t. s, nrnmr mnsmnalh r.sult.d in , fibrous ,ord ot up to 1 cm thickntss 
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features noted In 4 animals of tlus senes, the suture was placed erroneously 
within the substance of the myocardium In these, the material was emeloped 
by fibrous tissue and surrounded by healthy muscle 

There was some concern as to the fate of the segment of suture exposed to 
the blood flow -within the right atnum It was thought that this might be a 
source of thrombo embolism It was soon observed, howevei, that, since the 
sutuie lay m contact with the surface of the septum, it was coveied by a layer 
of fibnn and endothelialized within two weeks Theie neie no instances of 
thrombosis at tins site 

Theie were a number of technical enois m the peifoimances of the pio 
ceduie These can now be avoided if due care is taken during each maneuvei 
The obvious dangers are related to injury of important coronaiy branches For¬ 
tunately, these lessels are visible and can be easily by-passed Tiansfixion of 
a segment of the ring by enteimg the lumen of the left atnum at some pomt 
on its eircumfeience is a serious enoi because tins will not only leave a cord 
of suture across the lumen, which can be the site of tluombosis and ongin of 



Fig s —This diagram Illustrates the tenting of the mitral ring as traction is made on the 
atrium to demonstrate the danger of transfixing the atrium at this point (See text.) 


emboli, but also leads to eiosion of the tissues In the sutuie at the points of 
pcifoiation The risk of sueli transfixion is particularlv great nlien attempting 
to pass from the right atrium into the tiansierse sinus At tins point, there 
is a tendency to pull the left atrial appendage with the left hand as the needle 
is guided with the right This causes “tenting” of the atrial nail The apex 
of this tenting is at a point on the ring just posterior and medial to the antenoi 
commissure and beneath the anterior base of the interatrial septum (Fig 8) 
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If one -should lose control of tl.e needle at this point there is strong possibilitv 
of transfixing this tented segment, crossing the atrial lumen just above the 
anteromedial commissure Another danger is the possibilitv of eatelung the 
richt vail of the right ntnuni or the wall of the vena eava if the needle is ad- 
\ an cod too far into the nglit atrium This was done in 2 animals In one of 
these a definite inferior vena caval obstiuetion resulted m the other the eiror 
was inconsequential In 2 animals the anterior wall of the right atmim, at the 
point of emergence of the suture was lacerated scnoush These two eirors are 
c isih avoided it the point of the needle is kept close to the septum at all times 

/ IcrfroccirdiofjreipJuc find Hemodynamic Studies —In order to evaluate the 
suggested operative procedure from the standpoint of possible damage to the 
Iieirt muscle the conduction svstem the coronarv circulation and, also m le- 
gtrd to potential hemodvnamic alterations resulting from decreasing the size 
of an annulus which was not originallv dilated electrocaidiograpluc and pres¬ 
sure puKe tracings were used" These studies were done m 62 dogs m which 
.i circumferential sutuie was placed The technical modifications which were 
undo from time to time were of such a natuie that tliev could not be expected 
to nftect the outcome m regard to the points pist enumerated Electiocardio- 
grams were made in ill the animals mimediatelv preopeiatnelv post operatic eh 
at one two and six weeks and again at the time of reoperation one to six months 
alter the until! procedure These turnings included the standard and unipolai 
lends as well as the usual six chest leads In 15 animals electrocardiographic 
tracings were also made after eieh of the important steps during the purse string 
suture procedure In "I dogs coionnrv damage was suspected when tliev died 
without ippirent c nise The electrocardiogram m these however did not 
confirm this suspicion The lack of electrocardiographic evidence might have 
lxcn due to tin fact that the dogs died before serial tracings could lie obtained 
In 2 other uiunats a coronarv branch was obvmush injured at surgerv The 
injure could have been eastlv avoided if more caution bad been observed In 
nom of tin olhtrs was there am definite ihetroiardiographit evidence of nivo 
« mild mnrrtion or of (oudiution disturbances There wore no arrhvthmias 
cx<cpt ill two minills whnlt showed a transient atrnl fibrillation In 6 the 
< h utges noted won compitibh with nnnot derives ot piruarditis altilhutalilc 
to the surgu d procedure as i whole ritlur than to tin place me nt of the eir- 
tumfcnntial suture itself 


In 15 mini ils -lutroi udmcriphn ti mugs were t iken during the opera 
tom md tins' wcr. rt<«rd<d iftcrtlu lollovv mg ste ps opening of the pen 
< ardutm pluuncnt oi tin hemostatic purse string suture it the h ise of the left 
dm! ippcmlm, md tunneling of the eircumth x c ..roinrv irteiv place nm.t 
hm he lore tv mg of the . m umfercntial suture m,I twcutv minutes after the 
M.tun v to 1 s jo ( „, Tins, tn,mgs unite ,te tint tin m ijontv 
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u-ded bv the electrocurdiogram Avciagc ventricular piessnie curves vrcic 
plotted to co!respond to etch of tlic following stages ot the piocedurc mitia 
measurements, immmmmts with the eircumtcrcnhal sutuie placed but not 
tied, lice minutes and again tvuntv mmntcs aftei t\mg the sutuie These data 
ire grouped in three eategones (Fig D) Group A includes 30 animals thus 
studied, Gioup B includes those that survived the operation, Group C includes 
G dogs which died shoith after the pioccduie, iu tlnee of winch coronarv dam¬ 
age was suspected A clear-cut cause of death was uot found at antopsv m anv 
of these G animals Note that in the first two groups the only significant change 
m the-ventricular curves was a drop in piessuie This can probable be accounted 
for on the basis ot variable degrees of operative blood loss In Group C how¬ 
ever, the final cuive is not onlv lovvei but shows a significant alteration in con¬ 
tour This change is compatible with reduced blood volume but mvocardial 
damage as a lesult of trauma cannot be excluded 

Both the electrocaidiograpluc and the pressure pulse tracings, then, appear 
to indicate that although tlicic is most eeitainlv a usk of damaging the coronarv 
circulation and or the mvoeaidium itself, when the opeiation is piopeih and 
earcfullv performed there is no evidence oi significant damage to either The 
lotal ahsenu of conduction detects was also noted The 2 animals in which 
trnisient mricuhir fibiillation was seen reverted to normal sinus rhvthm bv the 
end of the operation V mvocardial mfaiet vvas found at nntopsv in onlv 3 
nmm ils of the entire group In one a lnige lateral branch of the circumflex 
cornu ire was transfixed with the needle This accident vvas obvious at the time 
ot the operation and could have been ensih avoided In the othei 2, although 
tin operative teehmciuc cannot he held blameless, the infarction could well 
have been the result of an embolus since there were also multiple mfaicts m 
the kidncvs spleen, mel luei These animals had a eircumfeicntial suture of 
silk which cut thiough into the left atrial lumen and accounted foi the source 
m emboli 


Pressure meisurcmcnts who taken m nil mum ils The studies m 12 dogs 
wlmh died at operation were incomplete and are excluded Irom this evaluation 
lies 10 and 11 show the graphs ot the avenge pressure changes m the lett 
atrnun puhnomm irtnv left ventricle, and aorta There was generallv a 
sliolit or msigmfii mt elevation in the left atrial pressure Tiierc was usunllv nil 
insignilic ant drop m pulmoinrv arten pressure Then was also a drop ot 
nmn significant proportions m the left ventucullr and aortic pressures These 
changes wu, observed eousistontlv to hold both m the atnle and m the long tenn 
studies It is diflu ult to attribute tin minimal rise m atrial prev-un. to excessive 
n irrowint, oi the A \ rim. which «vcn though initinllv normal was never 
ndm.d to i di.mct.r less th in 1 x cm (2 5 sq cm ) The aortic and veil 
tn.ulir pnssun drop n probablv accounted for liv operative blood loss 
■’I'l'f^i'n 't'lv 1 >(• to ion << in animals averaging 35 lbs m wemht 
u v -'roup m " d»es wlmh vun supported with either s dme Uethoxa- 
' or both the ventricular pressure was 

U V; % nr , U u h r xh 1,1 »' >■“< supportci] in ,1ns manner 

Th ' f ‘ U s tn ,n ,hc ™^sur.m,nts tak. n at reopcrat.oi. ,s due to 
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blood loss again since here none of the animals weie supported and blood loss 
was usualh greater due to the need for lemcision and reopening of a pleural 
svmphi sis usualh associated with lung tiauma The elevation in left atrial 
pressuie seen in Group A of Fig 11 gate us some concern Since ve had noted 
that in 7 dogs, in which the silk sutuie had cut through into the lumen, there had 
been a maiked narrowing of the ling to a diameter of about 1 cm, the pressure 
determinations on these were aieiaged m oidei to compare them with the rest 
(Fig 12) We weie quite surprised to find that tlieie uas hardly am eleiation 
in atrial piessuie and indeed a skglit diop m pulmonarj arten pressure The 
explanation of the left atnal pressuie change, then, cannot realh be on the 



Fig 10—Average pressures In 

A Thirty dogs operated upon by tills circumferential suture technique 
B Survirors of this group , , 

C, Six dogs suspected of haring had coronary or myocardial damage (bee texi ) 

1 Initial pressures „ , , , ,, , 

2 Circumferential suture placed but not tied. 

3 Circumferential suture tied for 5 minutes 
•} Tuenty minutes after suture a as tied 

The upper graphs shore atrial pressures The next pulmonary artery and the 
aortic and left rentrlcular pressures Maximum mean and minimum pressures are charted 
In each step (mm Hg) 



mama ft \i cmct mferfntul stratF of mitfvl king a49 

In*.is of narrow mg of the nna Peiliaps the flight rise m lett aeutncular 
diastolic pn ssure is a due to circulators disturbances attributable to minimal 
(herec' ol maotardial anoxia resulting from anesthesia 01 decreased blood 
\olurm or possibla to aera minor devices ot transient lett aentneular damage 
which win n sen re as in h roup f (Fig 10) might lx responsible for the more 
ohuous leit atrnl pressure ik As fai as the possibihta that lowered aentneular 
and aorta pressures mislit be mashing an othcranse significant cleaation m left 
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19 _Left atrial pulmonary arter} aortic and left \entrlcutar maximum mean 

minimum In 7 dope In which erosion of the suture had caused scar contracture of the rinp 
to approximate!} 1 cm in diameter 


1 Initial pressures 

2 Twent} minutes after t} Inp the suture to 1 S to 2 0 cm in diameter 

3 One to six months po«toperatI\el} (See text ) 
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a trnl all ,l pulmonan pleasures is concerned it is interesting to note that in the 
dors which were supported to transfusion 01 vasopressors and fluid theie Mas 
no greater uiairnitude or concomitant delation in the atnul and pulmonic 
pressures than that seen in the rest As a matter of fact the elevation was less 
significant than m those which were not so supported 

The toregoing experimental work (presented incomplete detail elsewhere 1 1 ) 
indicates that the suggested procedure nas eonsistentlv effective in eliminating 
artifimlh produced mitral regurgitation that this opeiation can he performed 
with reasonable sat etc eliminating some of the eailv pvttalls and liazaids that 
no significant damage nas done to the heart when the tecliniqne nas propeih 
carried out The major danger of this proceduie is that of eiosion of the suture 
into the lumen of the atrium This complication was eliminated cntirch be the 
simple modifications ot the original technique described It is fuithcr shown 
that tin degree ot circumferential constriction herein einplovcd e\en of the 
normal does atrioventricular ting produced onl\ insignificant hemodcnamic 
alterations 

Past experience both in the suigciv of initial stenosis and m the studv of 
pathologic specimens led us to believe that this principle was likelv to he 
eftectne in a sigmfieantlv laige proportion of eases with mitral nisufneienev 

On this basis limited cluneal trial of the operation was eonsidcied justified 


IN1T1 \I CLINIC VI TTlU-S 

To the pn sent tinii 7 patients m veu sevcic states ot marked to uitiaet ihle 
ihronie congestive tailure associated with obvious initial legurgitation have 
undergone surgerv hv this technique The salient featmes of these eases will 
he given here pending a detailed report after a more adequate follow up period 
h is elapsed 


C\sr t —It M a 2$ venr old white woman was operated upon on Tan 20 TOj'; with 
a >ln^no>i« of pn lominant mitral 'tonovix mitral insutB iene\ ami advnamte aortic stenosis 
\*rial fibrillation wn< pr.*-. nt si,c had hi-tori of rapnllv progTConne rnngi tivo fnituri 
unTt«j*mM\» 10 modi il can 

Vt *nrc rv tin ill igno I- of inrti, vt.tio-.i-. \ a c ruled out 1»\ itire t ox inanition and 
lv in sur d> ti rmination« in tin aorta and 1. ft ventneh Tin h ft v, utricular vr-toln 
1 r •* iri "a l'to mm lit and tlm aortu pro-, uro ju«t di«tal to tin wain wa« 110 nim Hg 
Tl (n-ur, in tin I. ft ntritim in- "'1" (17. mm Ik Ihgitnl exploration of tht 
i ntral vnh, nieah.l a m irked mitral in«uflii n n \ with a Grad, t n gwr^it mt jet The 
.nr mull admit 2l~ to a fine,. r> Tie h-atl w. r. thick, nod hut v.r\ pli ihh Tl.ox win 

1 It ta it t v tl '’.iirii in 1 chorid t. nlin. a* in 1 tl „r. ith onl irged rm,. Tit. , onimi- ur - 
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id Nation of the vcntn.le do- rea-ed n-il.lv within a few beats nft-r the suture had l*een tieo 
Tt r^* u tc *%ti cl vm/ rMtmianr\ nu ‘1 iditv of tlie crcatlv enlarge a rva <* am 
HrtO- diatnl cxplor.tton rr.nl 3 a l«rrtv P ilpable whiff ot regurptatmn m the 
t.n r , „:nri]"nr.l r< Jim: Pre-ur trm in - were t’peaM showing a drop in the left 
-strum to 1 « 7 til. rum. lie Th left rtntrni.hr pre-rm. was now 112 mm Hj. =w-toln 
V\c^\ In - nn<l tol nm to th |»mm 1 ur* wro < nmjnnMc to tint nf tlio u^ual mitral 

pf ntm -urn om\ 

p r s o[w riin li tli j. ttn rt lad m un.i.ntful revowra Hath el xtros radiograms 
5 t,v„l no significant chac_ Th x riu of the che-t revealed a 'ignirh ant decrease in the 
M 7 of th In art within oa. wet of nr_ n The mural swstoln. murmur had changed from 
I j nap ntir Grndi 1 to a Grade 1 «he w v= discharged on FtA> 0 1°55 twentieth po-t 
oj^rattr lar. Iltr 1 ..- vi-n was on April IS 1 Q 55 at which time she -dated that she 
1 , t i,m ,'fin. all her lion- work cr-.pt laundrr for the past three weeh= c he had felt 
\ ri ".11 ha 1 ro -’inrn.'-. of l.-eath an! had h'-n sleeptn-r fiat tn bed ‘•he continue' to 
al* digitnrtn \ rav- showed ptr' stems' of the dfareaso in the cardiac size The electro 
. -r imgrim nmatred nn. 1 angs 1 tx opt for marted digitalis effe. t The phonos, ardtogrtim 
r i a !'1 t }*rM n nt mitral s\- nlm murmur lint greatlr re-lnced in amplitudi and duration 
A., r itr-il dia* rh. murmur wa* detnOD'-ralde 

t asf i —H p i.trar old white woman who had i previous mitral valve exploration 
ir l'j. wa* o[s ra cl upon on F< 1 > 1 l"”) The prcoperntive diagnosis was prs dominant mitral 
irsith ie- \ wuh aun uUr til.rill itton it’d mtra. table mag stive heart failure 

\t suru r\ tin hart w ,s foml to In. of tr-mendou' size the large-t whuli am of u~ 
1 il Tin itrium w is easih th. s 1Zl ' of i o.,.r ball The pressure' in the loft atrium 

u r. “s n . "I. mra Hg in the left untncle 110 10 foO) mm. llg in the pulmonarv 
irt ri 110 tsi v s-t, mtn. II" Exploration of the mitral valve through a rublx r 1 ippendage 
wti .ato th uit no- atnal wall revealed a ring uhnli was enlarge! to 4 or 5 finger' 
T 1 \ ilvi lad. - w. i shoretiwl tend'd and shglitlv thickened but quite pli ibl Thire 
w is in. <-o s Th Gradi 4 TiguT^itant jet was felt in all areas of tin mitral onfin 
Tl iTisiu orisee was < a-ili < to 4 fing. rs Tin cm nmf. rential sutur. was pla. ed u-ing 
tl “ r 1 hriqi lb r hnu \.r the situation was compile itcl bv tin previous urjiac 
rjicmtion win li 1 " 1 r. alt.si in )>• ri irlial s 'moi. to th extent that it wa- difficult to 
I ! r ifv "It! I nn i n<- tli 1 itenl eoron ir\ \r< rv brunh.ss Xcicrtlnh's it was po—iljle 
1 [Il tl. j urs- tnn_ slur, without md nt injun to tins. re .. h Piifiruln was a J-o 
• xj-rnr I m tl r an-aiv. r of thr.- ling th H i r lin need), U s it mer„ nl into the transi. r* 
srs Tl «u Of - 1 , bar tt . ’ it m-s.^ to.in • on-i 1 rubl upwirl traction on tin 
r s II find !'e thr - ling cf it -ill. T'i r gnrgitant t t ilimim-W becoming bareh 

I v- 1 ' n' 1 » abr 1 to t! r ^wa of tl. po> , nor oimu- nr Th’ s U , n f the hft 
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DVVILA ET AL CIRCLMFERESTIVL SI. TUBE OF MITRAL RING 
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on, week, anil, edema and progressive right heart failure returned, necessitating tre^nt 
mercurial diuretics Her cough returned and <=he had minimal hemoptvsis and slight feve 
Antibiotics improved these svmptoms m a “few davs ’ The heart sounds a no c mug 
Daring the last week, she graduallv became nnunc and an increasing degree of ankle edema 
and hepntomegalv were noted 'die died on April 1, l^oo An autopsv was not per orme 
T_-P F a 27 vear-old white woman was operated upon on Feb 24 lh5a The 
diagnosis was predominant mitral in«uffieienc\ with ndvnanne mitral stenosis aortic ^tcno i-, 

atrial fibrillation nnd severe congestive failure 

\t «urgerv the heart was found to be \crv large There was a Grade 1 “a-to ic t iri 
at the aortic valve There was little deformitv of the aortic valve as palpated extemallv 
The pro-wire gradient across it was 30 mnu Hg The left ntnal pres-nre was _4/t> (.Id) 
mm Hg nnd that of the left ventricle was 112/2 (4a) mm. Hg The mitral valve was 
«tenosed and insuffii lent The effective orifice admitted 1 to IS fingers There was con 
•ldcralde calcification in the region of the posterior commissure The leaflets were nioderatelv 
pliable although thickened and rolled The annulus was onlv modtrotilv enlarged There 
was n Grade 3 regurgitant jet A eomnnssurotomv was plnnncd after placement of the 
mitral purse-string suture As tlic Reverdtn necdli was lieing manipulated around the 
annuIuSj the heart went into vintncultr flbnllation The ncedlt was withdrawn at once 
After twentv two minute of eardia< massage multiple shocks and administration of drngs, 
the heartbeat was restored At a second attempt, tin < lrcumfsrenual suture was easilv placed 
nnd subsequentlv tlic nnterolnternl commissure was openid Tlie regurgitation was considerablv 
increti'! d bv the oommissurotonn The purse string suture was then tied constricting the 
annulus to a size compatible with that of 2 T _ to 3 fingers The cffeiti'e orifice of the valve 
now would admit at least 2 finger- The \erv seven di gree of regurgit ition ilevrca-ed to 
the point wlicr< onlv a small jet eould In felt in the repon of the posterior commissure 
Although the maior part of the leaflets moved lietter after the operation motion in tin repon 
of the posterior lomnussure was not greotlv improved The left atrial pn ssuri was now 
22/11 (11) mm Hg nnd in the left ventricle lfi0/-3 (CO) mm. Hg Although this 
r< presents a m gligiblc change in the lift ntrnl pn "Tire the change in vintruulir pressure 
md tin differeme in the atn i! itid vintricular pre—ure pul'e eontour- in indnative of 
considerable nduction of the regurgitation (Fig 14) Postoperative)' tin pntnnt did quite 
well de-pite a short intervnl during which nvpotensum Tequire.1 supportive mea-ur. - A left 
phural < ffu'ion neves-itatid thorac. nte-is The sv-toln murmur deerca-td . on-id. rablv m 
1,1,1 n itv and tin diastolic murmur likewise dts r< im.I m intcnsitv The postoperative x ravs 
showiil slight deeroas, in -in of the cnrdiae silUotn tte The cle> troenrdiogram did not re'veal 
nm abnormalities whnh wire not noted prooperativclv Tlie patient was dis linrgi d on March 
10, in-,-; (tlurtv fourth [lO-tojM rvtive dnv i nnd wn.- la-t seen on April 14 loj-j „t vvInch 
tim fin ftated that -he felt Ixtbr than -lie had - in vear- kho hi- 1 m in martive ns 
instructed nnd continues to tal>< dlgito-un ‘■'! 1C has 1 mm n enmpleblv frea of tin dv«pn<a 
uitlmpn a and ankle i di ma vvlueli sh, had preojierativrli nnd r tin- some ngimi 

< v-i 4 — It \\ n 41 'ear old "nmm vv i- oj-ntid U[kiii on Manli 1 lull with the 
diagui, i- of pro lominant mitral r« gurgit itum with -t. nn js ndviumn nortn -tcno-i- and 
m nfli n ni v chronic mtnietabh <ong.*-tiv« failure 

Al furg tv nn i nnrtnou? luait vv i« found with a hug, tm- d h ft itrmm rad a 1 irgi 
n' 1 ft vcntriel, Tin re was induration about Iln nortic valve and a mo h rat. d gre. of 
I ' t n. te dilatitmn l'r. -sure in the nurta "ns 130/11 ^- 0 ) nm , Hc )n , ofl vntr „ )p 

n '"' >" 1 fl - s 11 <!*) mm Hg and in the pulmonarv 

’’ *’ r ' l > mm ]I >- T1 " ml,r, > '<!'• "3' badlv rah,t„ I vv„h , ffo, m , 

" ' or lv alm.lt. 1 )>. fing. r- Tie n,-,, o r, fiv 1 t. a- 1 ml t ,gi 1 Tin 

,rt - "" *'■>' “ml rat.lv inlarg. 1 Th t. < , ■ Oral 2 r.gurgit mt j t Tl. mbr.dat.ral 

- - . 1 was -Jsa. 1 wi.blv out to the mvoeardimn Sr c tl,,- rov I ,1„ |lllM , 

‘ ' ’ ,HU * ,v “ ,,n ,lf «» <1 I - -nor r.u nm ,«r. ho! 
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decreased in intensity to a Grade 1 or less The effective orifice would still accommodate 
2 % fingers Aortic valve dilatation was considered but discarded m view of the stage of 
disease of the myocardium and m the face of a gradient which could probabh not have been 
improved much Pressures after the procedures u ere taken In the left atrium it w ns non 
17/6 (11) mm. Hg, in the left ventricle 150/-2 (55) mm Hg, in the aorta it was 100/62 
(80) mm. Hg, and m the pulmonary artery 54/26 (37) mm Hg (Fig 15) The immediate 
postoperative course was stormy The urinary output was markedly depressed during 
the first three days She was hvpotensive and slightly cvanotic for about twentv four hours 



This situation grndualli improved and bv the end of the first neck the urmarv output nas 
adequate -uid the blood procure stable The dnih electrocardiogram revealed no significant 
changes compared to tin preoperative tracings During the third weik, «he graduillv became 
c\miotic, dvspneic and edcnintous V moderate ilcctrohti lmbnlnm e was noted The liver 
became enlarged after having receded rapidlj after surgerj The patient died on March 
22 1955 (three weeks postoperative!)) 
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\t autopsv, the heart was found to be enormous The surgical wounds of the hear 
were healing quite well There mw extensive mitral valve disease as noted at operation. 
The degree of aortic stenosis was compatible with the evaluation made at surgerv in 
addition there was a tremendous degree of organic tricuspid insufficiency The lungs were 
contra nnrt Erotic and showed several small areas of consolidation which could have 
small infarcts The liver was extreraeh large and showed marked cirrhotic change* 
The eommwsurotomv was adequate The v live cusps were rigid and required pre«nre to 
depress them The circumferential suture was well placed, had elicited minimal gross tissue 
reaction and had not eroded through the encircled tissues There was no evidence of nuo 
rardial tnfnrction. Tlie segment of suture Iving in the nglit atrium adjacent to the septal 
surface uas complctel, colored over b\ a translucent Inver of glistening endotheliunilihe 
tissue There uerc no foci of thrombosis in the heart except for a small adherent thrombus 
in the dimple of the left atrinl appendage stump 

Casf 5—L. T , wn« a lb icar old woman who was opt rated upon on March 3 lb55 with 
the diagnosis of mitral insufficienei auricular fibrillation massive eardiomegali and 
intractable congestive failure 

\t surgsri, the left atrium was found to lx tin lnrgest of all «even case® The left 
vintncle was enormous and pale The pressur, in the left ntnum was 3S/5 llbj mm Hg 
m the left \entnele 102/-5 (IS) nun Hg, in the aorta 100/S0 (S7> mm Hg, and in the 
pulmonarv arters 110/70 (S2i mm Ilg There was no delectable aortic \alve disease 
The mitral valie was found to be pliable although somewhat thickened There was Grade 
i T< gurgitant jet The annulus could hn\e oasiK admitted 5 finger® and the effective 
onfici at least 3 fingers A« preparations were made for placement of the mitral purse 
string suture icntriculnr fibrillation ensued Placement of the suture had not been started 
Massage was noted to be ven inefficient because of the massive mitral regurgitation 
Howeier after n pea ted 'hocks, drug', and massage, a weak beat was restored It was 
decided that correction of the ngurgitation was lmpemtiie and therefore placement of thr 
*uturo was undertaken it the moment that this was l>egun vt ntriculnr fibrillation returned 
The circtimfcrxntial «utim wn« then placed while cardiac nriosngt was earned out Con 
st rut ton of the nng lould lie felt to prneticalK eliminate the regurgitation At this point 
the thinned out lift atrinl wall tore resulting in considi ruble and rapid blood loss After 
attimpts to control bhcdmg and continued mass nnd re~uscit ition measures failed, the 
[eitient was prnnoumid dead 

\n nutopsi reiealed an ideal inlie for this nn thod of lorrecting regurpintion Then 
was i vtensn, pulmomin and licpatii dnnmgi and the nivorardium was olmou«l, of ion poor 
qmliti This specimen was studied on tin puls> duplicator^ 1 with which cinematographic 
tudn s wir, nmdi ill mon'tnting charh the corrivtion of the n gurgitation b\ the cm lira 
fer ntial 'titiiri 


( vsr fi—R b i, Js\,nroId woman, w is opentid upon on \pril 1*1 10 -,„gi, 

dtnenn is of mitral ... ntrml fibrillation ind chronic mtraitibh longestm failun 

\» mrgm I n n largi hi irt was found Tin pressures t ih« u in the left atrium 
" r ' " l,n in tin left n at riel, oo/-« mm Ilg and in the pulnumarv arterx 1Z/\X 

" m Ml - I xploration of tin mitral rain r. leal. ,1 a greatlv dilntid ring which could 1, iv" 
a limit 1 4 to 5 fin.. ra Tin I. ifli ts win tint ki in d but moihrntili pbnbli There was a 
I'a.ji, „f calcum in tin mid portion of the ant. ml ,t, ral batle* The effective onfic, 
r> n!,u ' lm ~ ,r ' Tl >' cm umfi rent ml mitur, w t s phe d ns,h u«mg a n, w needb 
Js' mill ,1 Ignsl for this pro.. dnr. This instrunnnt fi dilutes thr. ndin„ rad elrairaat. s 

1 f " r rnr,h '''' ,lunn - mannimr Tung of tin «utur. r.dueml the ring 

t a s, Which I , ,11 Uilmit a, nng. r rad ,1, ofr.am. ontn, woull Mill ulnut 3 frag ra 
>’■' * "In h w.r. t.ns. nnl mimobd. non mm,.I fro. h Tin Grid I r. gur ,t ,,,t id 
ar a r. gbgdl f ,rat 5 M.rmr "whiff Tin 1, ft ntrml ,.n nr. was now 7 , : m 

" ii t', Is ft 'iiilti b ''-,-10 mm Hg and m ,h , ul.non ,n art. n J 4 - nim „ u 

T! J -1 rt ! , * n i r \ nt ful ml Mn.-ul, p, t, ,t„, r , ,.r Tin ,1 fro- anil¬ 
's r , J , r< «-'»> «"««»"' Jsi tnj~ rat.M ,1a, T 1 r. ,s non a f 

rl ' * ’ r " r “ ' -nr 1 , 11 <r,i 4 ,r n «.i mum 



8 P 110/90 , 1 —} - ‘— T - B p 11 0/80 —|~7 r3=T Sf"j ,-f 

Flg 16 —Case 7 Isote the remarkable changes in pressure and contour of both the 
atrial and tentrlcular pressure pulse tracings The change In the electrocardiogram m< 
transient. 
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( \<; r 7 _r It iJi vcnr old woman nai operated upon on Apnl 21,1%5, wath the diagnosis 

of nulnl insufficienei, atrial fibr.Ilnt.on moderate left ventricular hvpcrtropln, and sbe had n 
urinous hi'ton of m.M. utc Initcnal omto. irditis At surges a verv large heart was found 
The pro- on, in the left atnum was 27/0 mm Hg, and S0/-S mm. Hg in the left ventricle 
The mitral nlu leaflets were thicVuied but quite pliable The mnulus was large enough to 
haic admitted o fingers, the cfWtue onfice 3 to 3'-j fingers The cireumfcrential suture was 
pheid easili with the new instrument and tied, reducing the annulus to a sire compatible 
with 3 to 4 finger The tense, shortened leaflets were felt to relax and to come together 
easih m sestole The Grade 4 regurgitant jet changed to a barelj perceptible “whiff ” 
The effective math < still could hale admitted 3 to 3U fingers Pressures mere repeated and 
found to be lO'Oo mm Hg m the left atrium, and P6/-4 mm Hg in the left ventricle 

Poslopcratiieh the patient had retained secretions requinng tracheal aspirations A 
hij>otensiTe state n es controlled mitli norepinephrine Her condition at the time of this report 
is fair and showing gradual improvement 


SUMVIVRV VND CONCLASIONS 


The rationale of enemnferential suture of the initial valve for the correction 
of mitral insufliucnev is l-euewed and discussed 

The results of evpeiimcnl.il studies m the pioduetion and coireetion of 
mural msuffinenev ns vvell as m the studv of the pioblems associated with the 
development of the technique aie renewed and summanred 

l'rihminarv reitorts of the first 7 patients in whom this pioeedme has been 
tried are given 

The cvpcumcntal woih demonstrates that the reguigitntion produced 
artifu mll\ <au he clinnnited The procedme foi cnumiferential sutmc or 
pursr string suturing of the nntnl mnulus has been perfected and in its 
pnvnt fonn has pioved to bo relntivch simple and safe When piopeilv pei- 
formed, no sigmfnant damage to the cardiac conduction svsteni, tlie coronarv 
urtulition or the nniMlc itself can be demonstrated No signihennt hemo 
dvnuiiK alterations can lie attributed to the procedure m the experimental 
unmaK Mitnl stenosis is not produced 

1 limited tlinit al trial in 7 seurtli ill p itients demonstrated ohjcctivelv and 
tluutallv tint regurgitation associated with iheunntie heart disease can be 
torn i ted 


Tin Jin d results ol this pifxtdun would appear at this time to depend 
"I""> 'be pitholngit smte ol the vahe Tiic mvoeardial pnlmonnrv liepatic 
ami n n d status ot tin se\i reh ill patients who li ive been operated upon appears 
to lx tin major < une of death m the 1 patients we have lost For the ini 
nuditit lnturi toutitmed dinieal tri t! seems elearlv justified I'ntil furthu 

< vp« rumi hisbi.n inqnmd however tin prottdurt should be ipplied onlv in 

< run ilh ill patn nts 

H must h, pointed out tint although the teilmiqm m its j.r.sent form is 
simph ii,d i isi to jn rfonn . prxlimm in studv of ih« pirtuie.it anatonn md 
pra.tn. on .vinumuitil animals will lie .^ential tor its prop, r p< rforman, e 
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3 Murray, G , Wilkinson, F R , and McKenzie, B Beconetruction of the Valves of the 
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4 Templeton, J A , III, and Gibbon, J H, Jr Experimental Reconstruction of the Valves 

of the Heart By Venous and Pericardial Grafts, Ann Surg 129 161 176, 1949 

5 Bailey, C P , O'Neill, T J E , Glover, R P , Jamison, W L , and Redondo Ramirez, H. P 

Surgical Repair of Mitral Insufficiency (Preliminary Report), Dis Chest 19 125, 
1951 

6 Logan, A., and Turner, R The Diagnosis of Mitral Incompetence Accompanying Mitral 

Stenosis Review of 11 Patients Treated Surgically, Lancet 2 593 598, 1952 

7 Blalock, A, and Johns, T N P Mitralinsufficiency The Experimental Use of Polyvinyl 

Sponge Prostheses, Ann Surg 140 333, 1954 

8 Bailey, C P , Jamison, W L, Bakst, A E , Bolton, H E , Nichols, H T , and Gememhnrdt, 

W Surgical Correction of Mitral Insufficiency by Pericardial Grafts, J Thoracic 
Surg 28 551 603, 1954 

9 Glenn, W W L , and Turk, L N Implantation of Vascularized Grafts m the Chambers 

of the Heart An Experimental Approach to the Correction of Valvular Insufficiencies, 
Surg Forum, American College of Surgeons, Atlantic City N J, Nov 15, 1954 

10 Harken, D E , Black, H, Ellis, L B , ami Dexter, L Surgical Correction of Mitrnl 

Insufficiency J Thoracic Surg 28 604 627 1954 

11 Harken, D E Surgical Correction of Mitral Insufficiency, Presented at the Henry Ford 

International Cardiovascular Surgical Symposium, Detroit, Mich , March 19, 1955 

12 Bailey, C P Discussion of paper presented by Harken, D E » 

13 Glover, R P, Henderson, A R, Margutti, R, and Gregory, J The Fate of Intrncnrdiac 

Pericardial Grafts, Surg Forum, American College of Surgeons, New York City, 
1952, W B Saunders Co, Philadelphia 1953 

14 Henderson, A R, and Law, C L Surgical Treatment of Mitrnl Insufficiency Expen 

mental Use of Transplanted Pericardium in Dogs, Surgery 33 858, 1953 

15 Moore, T C, and Shumacner, H B, Jr Unsuitability of Trnnsventnculnr Autogenous 

Slings for Diminishing Valvular Insufficiencies, Surgery 33 173 182, 1953 

16 Edwards, J Discussion of paper presented bv Harken, D E n 

17 Davila, J C, Glover, R P, et al A Method for the Surgical Correction of Mitral 

Insufficiency IL Experimental Study Development of the Technique (To he 
published ) 

18 Davila, J C, Glover, R P, et al A Method for the Surgical Correction of Mitral 

Insufficiency HI An Experimental Study Electrocnrdiograpluc and Hemodynamic 
Observations (To be published ) 

19 Davila, J C, Trout, R G, and Glover, R P A Mechanical Pulse Duplicator for 

Cinematographic and Hydrodynamic Study of Valvular Function (To be published ) 

N Discussion 

DB RALPH A. DETER LING, JR , New York, NY I arise to mention n patient in 

whom my colleague, Dr F F McAllister, in August, 1954, employed an annular purse string 

suture of cotton braided tape for control of mitral insufficiency She hns had definite clinical 
improvement, although the x rnv of the heart hns not shown significant change 

DR CHARLES P BAILEY, Philadelphia, Pa As you can well imagine, linving been 
responsible for the so called "sash operation" for aortic insufficiency due to nnnnlnr dilntation, 
yve are very much interested m the operation proposed by Dr Davila and his associates 

(slide) This snsli goes under both coronary arteries, through both atrial chambers, nnd 
between the pulmonary conus and the aorta. 

(sbde) The one significant difference in npphcation is that in our procedure the sash 
is put directly about the aortic annular level On the other hand, the mitrnl annulus laterally 
is found pretty close to the atrioventricular junction, nnd in cases of annular dilatation 
becomes displaced upward awny from the apex So the external portion of the constricting 
suture thnt Dr Davila is using, since it lies yvithin ventricular wall tissue, is placed sig 
nifiamtly below the anatomic level of the annulus 

(slide) The medial portion of the suture is placed outside the tngone, but actually this 
is not the region in which the inner portion of the nnnulus should be Of course, it can be 
put there nnd I do not mean to criticize their technique, but wish to point out something 
that y\e hnye observed in our own experience with the nortic valve, thnt I think -could 
undoubtedly be pertinent here 
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, s ]i>I, i H. r, Ml., brnhial .H* n .n . «,IU -ran « »• ' 

,(„r„u -urg.re liable 1-fore ipph»V the. -i-h ,,U 

ir ji n it ] r> —nr. tra. ing br-m J.t about be tightening H» ^ "* oM u,, ‘ '* 1 ,n " ,1 '*" ° ” 

.1 ration ml pm In ille a normal < oiitour 

i^li.lo Tun «,il« 1 ill r wl.ui w, nrnp.mted on linn 'on -• H» r ' "- r ' um llf tlR 
jn un - in the bn-Inal irt. re a < li m_. to u condition of «on-id. ruble re-t oration of 
imuffirien. e Furth. r tightening of the nsh as vou changed the condition to one 

indurating >.(11111 -ti nos,- hut relief of The regurgitation 

The reason for the oh-erecd carle lo-s of con-tnition 1 - tint -oft ti—ue bang between 
the * t'-li and tin nnnulu- cut- through „raduull\ from the pre-sura ngainst tin undtrl'ing 
anrtn or rantriele <-mn much larger amount- of mu-h run— art imludi d within the 
eon-trn ting -uturc in Dr D rda - nut hod of tightening the mitral annulu- it would seem 
to me thnl Ini- of restraint due to -ueh pro-sure neoro=i- mu-t neces-nnle be much more 
pronounced Perhaps improvemmt in the technical det ill 5 mil overcome that difheultv which 
I think otherwise mu«t cans'* lo-s of the etfeet of overcoming regurgitation 


nn M\RK V R WITCH Xew Tork, X T \\c are verv glad to hear that Dr 
Glour nnd hi- n'-Oi intis hn\e found a praetieal and - itisfactorv methoil of ipproximatmg 
tin lips of the annulus Tlu« problem is liemg studied in our laboratore b\ Dr Roliert 
Milder and Dr Howard Mo- owitz, who-e work it i« that I am showing 

(-lido) One of the risks invoiced in »ueh a circular suture of course is tlmt one is 
producing a eontrolled tvpe of mitral stenosi- Hire is a triring of ntnal Mntneular and 
aortic pressuri - in a normal dog lore n tm ing in a dog with mitral insuffh n nc\ iritli a 
lupin^ -e-tolm n i in nuncular pres-ure and here a mitral stcno-is of coii<nh ralde degree 
with n -lmrp gradient ni ro - the vnlra ind higher nuru ular tlmn ventricular pra—urc 111 
di i-toh 


t elidi ) \Mu n ont start- to opirati in an intmal with mitral insntTieienei nnd eimhe« 
down with n pur-e string sutun dnn tin unnulus, one produce-, as ont might ctpn t n 
rh irii’tcri tie -ti no i« of variable di gna nnd tin probh m mai be om of producing 11 < on 
trolhd stinn-i- which will not ultimate le l-xonu dvnamicatlv significant The motion picture 
*trii which wi hneo will dimori>trati nnotln r nntliol of ineo-tigating tin me Imnii« of 
mitral in»ufii<ien \ For ornntitum purpo • the n. xt -lnl« -how- eon tin ippi irani • of a 
I- r utatnuu- miction of mdiopiqtn matt rial into the lift ectitruh, demonstrated lev in 
ordinan -pit film 


1 slid. 1 Till how- n dog with mitral in-ufheieiiei ram -is tin mri. h filli il with dee 
tin lift ra ntrirh the -mu- of t al-alva 

1 -hlii Thi- -how- n 1 ompet, „t mitral \ ill, and 1 wouhl urge \ou to witch the 
nutnn jo ture for n thin bl e 1 li » which appear- to 1- th iiinulu- it line re pr. - nt tin 
a mmilutun of a little* reentra-t ni<*lmm und< r the e ,1^, (1 f the innulu- 


< Motion Pi titr. i Thi- 1 - nn ordm in . ellnt. r ttun* udievrun for ornntitmn 11, r. 
i» th tight -uli of th lo-irt ml ram -a tin pulrioinare arte n loming down tin I ft mirirli 
mil ft ram riel t,Ibn„ nnd th norm Not,.. In tin wne l„.w hum it take - for th* In ert 
to mpe ml lorn irr. gulnr tlie admixture nppnr- Hi r, 1 - tin 

*' ‘ 1 ft ' ntn 1. linn i- tin lnitrul ring ml the lift! bin 

an „ 1th e ntr.rl an 1 -w ,.t awn, be the h .Hit e.f th vale H. r. „>* „ , n „ tri , 
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This is a very simple examination and mar serve to indicate a possible method of 
diagnosing mitral insufficiency and assessing the value of a corrective procedure The 
motion pictures are taken with the Phillips screen mtensifier 

DR HARRISON BLACK, Boston, Hass I would like to congratulate Drs Davila, 
Glover, and associates on the very excellent presentation of correction of mitral insufficient 
as shown m the movies of the perfused heart On Dr Harken’s services, in Boston, we haic 
also been impressed with the potentialities of constricting the annulus of the mitral xalve 
for correction of regurgitation In fact, a different mothod of iclueving annulus distortion 
was included m our report on the correction of mitral insufficient before this Association last 
year Impbcit m this approach is an appreciation of the fundamental importance of avoiding 
interference with leaflet mobility that we have stressed mam times m tlio past 

I would like to add a three dimensional concept of the dynamic pathology of pure 
mitral insufficiency that has evolved from our studies of this condition In addition to loss of 
leaflet substance due to the rheumatic process and the ensuing dilatation of the annulus, 
there occurs a sliding hernia of leaflets over the flbrous innulus further shortening them and 
rendering them more incompetent This alteration develops because of the aneurysmal 
dilatation of the left atrium which sags downward toward the diaphragm This observation 
has been independently made by Edwards of the Maxo Clime We have found that external 
bolstering of the aneurysm of the left auricle can correct, to a certain degree, this sliding 
hernia of tlio leaflets and reduce or correct mitral regurgitation at the operating table Some 
attention to this factor will probabh pla\ a role in our eventual methods for correction of 
mitral regurgitation 

Another approach, which is currently under imestigntion in our laboratory, is to plicate 
the mitral annulus posteriorly under direct vision in the opened left auricle during hypothermia 
Whichever of these methods eientunlly proves the most useful, the principle of bringing the 
leaflets into approximation by reducing the size of the annulus appears to be promising 

DR EARLE B KAY, Cleveland, Ohio I should like to congratulate Dr Davila and 
Dr Glover on their icrv excellent presentation Wo Jinie also employed the concept of the 
dilated mitral annulus in the surgical correction of nntrnl regurgitation It is our inter 
pretation that after the annulus once dilates as a result of loft ventricular hypertrophy and 
dilatation, this becomes the most significant factor in the perpetuation of tins entity 

(slide) In pure mitral insufficiency, the regurgitant stream of blood can be detected by 
the mtracardiac finger being directed through the separated posterior medial commissure 
toward the atrial septum and posteriorly This regurgitant flow enn be entirely ebminated if 
pressure is exerted upward by a finger placed posteriori! at the atrioventricular ring Such 
pressure decreased the size of the dilated ring and separated posteromedial commissure We 
have found that this same sequence of events enn be accomplished by inserting a suture, 
followed later by a tubed pericardial graft based anteriorly through first the anterior segment 
of the dilnted annulus adjacent to the posteromedial commissure, then through the posterior 
segment of the annulus, and to exit posteriorly on the ventricular sido of the coronary sinus 
This graft is brought through an opening in the posterior pericardium, to which it is sutured 
after the optimum degree of tautness is obtained by the assistant pulling on the graft with 
one hand and pushing upward on the posterior aspect of the lienrt with the other, as 
directed bv the surgeon 8 mtracardiac finger 

We have operated upon 7 patients with the past year employing this technique There 
were no operative deaths Two patients died later, 1 several days after leaving the hospital, 
from what was thought to be a pulmonary embolus, and the other four months Inter from 
progressive multivnlvular disease 

DR DAVILk (Closing) -— < 'cieml points were brought up which I thought might be 
answered now, or at least clarified The first concerns the level of the purse string suture 
when it is placed It is not below the nag, it lies artunlh, if anything, a little above the 
ring, because tlie suture seems to find its way into the groove adjacent to the ring ns it is tied 
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It remain' there and 'po* inn n' as long a' 'iv mouth- after the oj*eration was Performed 
m dog' havt «hown that the 'ir< of the con-tm non nma n- the 'imp t' when ongvnallv 
porfn-rn-d 

Pr Ka\ Ins pr* , -cnted a \crv wtere-ting procedure winch bnn_- up a quc-tion < on 
r* nun" th danger of mat* nal placed ncro-s the lumen of a chaml*er In 'ome of our dog' 
origtmllv when w* utr* having trouble with the 'Uturc cutting through a * ord of nlk would 
lie aero" the lumen of the h ft ntnum and we had a trenundous incidence of embolic 
am lent- in these nmmnl- 

One other point m connection with partial constriction pro* * dure? of the ring is that 
the\ ar* onh partial The total eneirclem* nt of the ring lia' the additional advantage that 
po ential further dilatation of the nng m a c I'e in which total regurgitation ha' not l>ecn 
eliminated nil be prevented from producing the prugre-'ive enlargement of the ring of 
winch we arc nil aware Mitral 'teno-is inc of courc a orv prominent concern in thi' stud' 
be have found a 'light to moderat* cl* cation m the left atnoventneular gradient in the 
acute 'tate in the dog- in which wc have done thi- prcxelurc It mu-t l>e remembered that 
evpenmentalh one i' constricting a ring of normal 'ize The elevation which ha- been seen 
in the dog' ha' not ban 'ecn in the patents m whom thi' procedure has l>een performed 
be do not think that mitral 'teno-i' when the procedure i- performed ndequntclv wall be a 
'■lgruficant hazard 

The delnv in etuptvmg of the left heart in tlu angiocardiogram' 'lioun bv Pr Rjvitrh 
i an interesting point In our pul'e duplicator we injected d\c tuto the chamber- of a heart 
with mitral r* gurgitation as it in' pumping One could obnou-h «ec a ven prolonged dclav 
in emptemg of the left heart Tin' has prnmi'e as a po-'ible valuable diagnostic measure 



STUDIES ON THE FUNCTION OF THE HUMAN VAGUS NERVE IN 
VARIOUS TYPES OF INTRATHORACIC DISEASE 

Osler A Abbott, MD, William E Van Fleit, MD (by invitation), 
Albert E Roberto, MD (by invitation), and 
Frank P Salomonf, M D (by invitation) 

Emory University, Ga 

A CONSIDERABLE mteiest in the pioblem of the function of the autonomic 
neivous sistem in lelation to the vaiions types of pulmonan pathology 
has been e\piessed in pienous publications bv our gioup 10 Oui studies have 
impressed upon us the need for detailed investigative studies lelatne to the 
function of the human vagus nerve m various disease states which involve the 
intrathoiacic organs 

A sizable literature has accumulated lelative to physiologic studies upon 
the light ventricular and pulmonaiy artenal piessuie m chronic pulmonan 
emphysema and pulmonaiv fibrosis To oui knowledge, these studies have been 
confined to cardiac catheterization techniques in patients with an intact chest 
wall Recently, a cumulative gioup of studies has been piesented relative to 
both caidiac cathetenzation studies, dueet mtracardiac, and dnect intracaidiac 
and pulmonaiv vascular piessure measurements in various t.vpes of caidiac 
defects An excellent renew of such findings can be lead in the recent mono 
graph of Altscliule 0 

A brief review of the knowledge concerning light vcntnculai and pul¬ 
monary vasculai piessuies m pulmonarj fibiosis and chronic pulmonary empliv- 
sema seems mented In pulmonarv fibiosis, the light ventuculai and pul 
monarj artenal pressuies aie noimal oi elevated ' 10 An excessive use in pul- 
monary arten piessuie dunng exeicise is charactenstic 11 12 Anoxia oceuired 
as a definite factoi m the elevation of pulmonaiy arterial piessuie in pulmonan 
fibiosis 9 13 14 A noimal pulmonaiv capillar} piessuie is usuallv seen 0 13 

The findings m pulmonaiv empli}sema leveal that the light vcntnculai 
pressuie ma} be noimal oi high, 9 " and an excessive use during effort mav be 
noted 1 " In a similai fashion, the pulmonaiv arterv piessure mav be ele 
vated 15 18 20 Fowler, 21 in 1950, suggested a neuiogeme mechanism foi this 
phenomenon when he icvealed that tetiaethvlammonnim chlonde lowers an 
elevated piessure without changing the pulmonan capillan piessuie (which 
was normal to begin with) Pulmonaiv arten piessuie uses with exercise 
whethei mitiallv normal oi elevated 11 13 Yu and his associates 23 have sug¬ 
gested that pulmonan hv pel tension mav be l elated to both anoxia and In pei 
eailna Noim.il light iiuieulai piessuies and pulmonaiv capillan piessuies 
have been lcpoitcd- 2 A postuial efted has been noted in tli.it tbe pulmonan 
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, ir i clM l prcvsmc is lower in the met than m the supine position m patients 
with unpin sum hut not m normal subjects s “ 

I t ni'O-F \ND I m\ OI Tilt LU’FRIMEST 
Tin fundamental purpose of the experiment is an attempt to increase our 
hasu know It due tomenune the pin biologic and the patliophe siologit function 
of the human mums none in relation to pulmonan eascular ^ mimes 

There lune been two fundamental ixpeinnental plans nnohed hirst a 
"roup m pal lints lining (crtam pathologic pulmonnn states ha\ e been st lulled 
Fn eaidiu < ithi tci ir-ition while conscious aud with the eliest will intuit The 
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test The tune for letum of an elevated pitssuie, aftei exeicise, to the ong- 
mal base line was leeoided m seAeial instances Similai measurements weie 
then repeated within the same caidiac eatheteuzation aftei the intraienous ad¬ 
ministration of certain diugs known to ha\e the eapaciti of producing a pharma 
cologic block of the vagus neive In one gioup of patients, 30 mg of Pio-Ban- 
thine was given, and m another, 0 65 mg of ati opine sulfate was admimsteied 
Following the catheterization, a companson of the pressuie measui ements at 
rest and during exercise was made in all patients In a small group of patients, 
the time lequired for an elevated piessuie, with exercise, to letuin to noimal 
before and aftei the a agal blocking agent was anah zed 

In certain instances, patients uho had undeigone pieopeiatne cardiac 
catheterizations of this tvpe weie subscquenth studied bv dneet piessuie meas 
urements of the pulmonaiw aiteiA and/oi pulmonan iein at the time of thora- 
eotoniA A comparison of such studies will be included in a latei communica¬ 
tion Furtlieimore, in some instances, concomitant piessuie studies of the pul¬ 
monan a cm and pulmonan aiten weie accomplished, but the numbei of such 
studies is still too limited to wan ant desenption at this time 

In the second gioup of patients, dneet piessuie measui ements weie car 
ned out bi the mtioduction of a No 18 oi a No 20 gauge needle cbiectly into 
the pulmonan arten just befoie its lobai oi segmental branching In othei 
patients, direct piessure measui ements weie earned out in eithei the superior or 
inferioi pulmonaiv ieiri befoie its eutn into the peneaidial sac In all but one 
patient, the opeiatne position was eithei the light oi left lateial decubitus In 
one instance, measuiements m the face down (Chciholt) position weie earned 
out 

A smceie attempt to standaidize the baseline conditions of the patients 
was mcorpoiated tlnoughout the studv Sinnlai pieoperntne sedation, uivohmg 
morphine sulfate and bailnturate, was maintained and no studies weie per¬ 
formed less than two horns aftei such pieopeiatne medication The time of 
admmistiation of a standaid dose of atiopine sulfate (which m this Clime is 
gnen intravenoush at the time ot induction with Pentothal sodium) was le¬ 
eoided Piessuie measuiements weie taken at least se\enti-five minutes follow¬ 
ing the admmistiation of the induction dosage of atropine The tipe of anes¬ 
thesia was constant tlnoughout and meoipoiated Pentothal sodium oi Surital 
induction, production of apnea In succiml choline chlonde (Anectine), and 
maintenance of apnea bi slow dnp of this drug Nitrous oxide (65 pei cent) 
and oxAgen (35 pei cent) weie gnen to maintain analgesia and adequate oxa 
genation In all instances, cndotiacheal intubation with positnc piessure was 
used A constant and controllable AcntilatoiA piessuie was maintained AMtli the 
Rand-Wolf RespiiatoiA The dneet nitnn asculai piessuie measui ements were 
made satisfaetonh aftei the Aessel Aias first isolated loi stud a In patients ill 
A\liom a dneet Aagus nenc block A\as lmoipoiatcd the Aagus liene A\as dissected 
out so that it could be lineeted undei diroct \ ision it a IcacI at least 3 tin abo\e 
the bifuieation of the tiachea InliaAascul u piessure tiaeings within the pul- 
monaiA aiten oi Aein weie then obtained at AentilatorA picssmes rouging liom 
0 to 5, 0 to 10 and 0 to 20 mm Eg (Fig 2) The immediate eflect of such a 
Aentilaton piessuie was ictoided and recordings icpeated 1, 2, and 3 minutes 
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after the ,n«trtuti..n ot -null presstue In some mstan.es wheie dampened 
(nm _ w , n hen- binned during the hmt time n mute, recordings as late as 
m\ minute, ut.i lsMimptimi ot a specific \entilator\ pressuie were made It 
m M-nitu mt to note that the impure within tin pulnioinn \cssels assumed 
tin ixemue M-nifu mt preou tn.cine within the find minute in all instances 
with Uw iMiptions ThcM cm options consisted of patients in whom a vago- 
xmal txpi ot refit\ with drop ot s\ .ionite blood pressure and pulse was pro 
dm od nftir two or three minutes at a \entnatorx pressure of 20 mm Hg In 
1 of the-M pitnnts tlie undirhimr disease was mitral stenosis and m 2 the 
midirl\im: tinea.. was pulnmnan empln.enn ol Inpertroplnc tipe 
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ML PAP AFTER BLOCK 
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TVl'E-S OF lllsE \SF STLDIFD 

( aulidc cal licit n/alion studies involving the conscious patient vitli the 
intact chest ueic earned out upon IS patients The types of disease imohed 
in tins study aie sliovn in Table I 


TABLE I T\TES 01 I)1SLASS STUDIED 


DISEASE 

| XUMBER OF PATIEXTS 

Hemoptysis, unexplained (normal pulmonan function, MBC 160 

L /minute) 

1 

Pure bullous emphysema 

1 

Mixed bullous and hypertrophic emply serna 

2 

Hypertrophic emphysema, Class HI (bilateral) 

10 

Hypertrophic emphysema, Class IV (fixed) 

4 

Total 

18 


IIBC—Maximum breathing capacity 


T AB LE II PULMONARY \ltTERX PRESSLRE 

Diseases Studied With Opes Chest 


DISEASE 

j N UMBER OF PATIENTS 

Misc cardiovascular disease 

8 

Granulomas 

3 

Primary pulmonarj carcinoma 

3 

Bronchiectasis 

4 

Pulmonan emphysema 

Bullous 

1 

Mixed 

1 

Class III 

0 

Total 

29 

Dnect pulmonait arteiy piessuie measurements y\cie cained out upon 29 

patients The tvpes of disease imolved in 

. this study aie shown m Table II 

To date theie hate been 7 diicct piessuie 

measui ement studies upon the pul- 

monaiy \em, and the tvpes of disease so 

fai lmohed in this method of in- 


y estimation aie designated m Table III 


Table HI Pulmoxabt Vein Pressures 
Diseases Studied With OrEN Chest 


DISEASF 

1 NUMBER OF 1 ATIFXTR 

Bronchiectasis 

o 

Granuloma 

i 

Granuloma and emphysema 

i 

Emphysema 

2 

Mitral stenosis 

1 

Total 

7 


FXPERIMENTM DATA AND RESULTS 

Inasmuch as a latlier mvpiessne numbei of figuies aie obtained y'lth 4 to 
6 difterent piessure studies in the indmdual patient, it was thought adtisable 
to piesent a combination of tables In each instance, tbeieforc, the initial table 
sliovs the specific data with the actual recoi dings foi each patient, and a sub 
table is then presented, outlining the fundamental tvpe of response demonstiated 
in each patient group at lest oi -with stress (exercise or high -ventilators pres 
sure), piioi to the use of a blocking agent and similar studies tliereaftei 
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( nrihac ('athrtir Studies (Patunt t onscioiis t/icsf \\ all Iniaci) —A total 
(>1 ]* puients were incest anted be means ot cardiac catheterization Right 
\cntrieuhr and pulmonin arten pressures were obtained at rest and during 
i\en iso Imth bet ore and alter intravenous administration ol a \ugiis none block¬ 
ing accent eitln r m the form of 10 mg ol Pro-Banthme or 0 Go me of ati opine 
suhal. Tin speeihe dita and the Minimal \ of the basic changes noted are 
pre»«ntod in Tallies IVA and IVB In one instance a patient who had had a 
smccb cpisodi of hemopt'sis of unexplained etiologv underwent this lorni ot 
c ltlnter siudc Upon \-rav bronehoscopie and pulmonan function studies 



SG PAP AT REST PAP POST EXERCISE 

BEFORE BLOCK 



SG PAP AT REST AFTER BLOCK PAP POST EXERCISE 

AFTER BLOCK 


il *—IntrMumln il julm<n*r> art i *■ 
i it! n ** n r i in j ufrtt mn irt n. | r 

rtn>tin 1 Mn n MJ nt with I \ i« 111 .m|h\r 


ut* rt ulincx <A>1 \\nr 1 at cirUtc <rith l ri 
ur in 1 i!i nr of nt irk 1 Inor* in r 

ntn 


un \bnonn w*re iiot<<1 Hi w is IohtkI t<» lmc 1 maximum lire 1 tlmitr 
‘ ipmti of 11,11 1 p,r nnnup and we bn. 1 iken tin Ida rt\ c.t < oiiMderme him 
ill I -s, litnlh nonn il pulmomn \ n ulu b.-d Tin slight eh iatom 
ii juiliiton ir\ irt.n pns>un is thought to he cxpluned \ n t lu mild swohi 
'ini m 'W< in, blood pnssuri and i cirtaui nnount «u ,n\ict\ pn v n*. 
t t» turn m the pro,.-dun It mmd Put oMUtidh nonn d s\st.,h, md 
■h.so.h pirsMins an re»r,lel at r. M with link n nm ehang, att, r , \, r, im 
\ t r , 1 nmivtntion „f , 1,baking agi nt tin r, is n .. s,._ U il„ nit .Inn-, m the 
' ' !»•■"»>' but tin n is i d,st,i,. t urn, ,s, mil,, ,li .Moln 

" V T ! ' ,U ‘ 11 ' 1,11 ' ,n l'h's, hi i u tin h ,-oummmI 

11 r ,,,h l,,llh " l " 1 1 m mid, i oi lie rijit lung 
' ’ ' ", 1 th ' " ' >'<> m > ,,i ^..1 pul,^ j„ , )tl , 

’ 1 " n. dissmnl r It sh„nbl 1» unnuoind tb „ 

, RM.,n ..rod.r ,b„.„„nl, 

” 5 sU,r ' i >md upon this pit,,m \scw,, lv 


1 



Tauie IVA Cardiac Catiiktir Studies (Intact Ciiest) 

Put monary Emphysema, Buii,ous, Mixed Bullous and Class III 
Group I No Prfvious Operation 
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T\mi VA Cardiac Cvniftfk Studifs (Intact Ciifst) 
l’UIMONAU\ EMPIIYSFMA (H\rFRTROPHIC)—C iass IV (Fi\ed) 
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in tlit pert entitle of increased ropiditi ot return Figures quite dcfiniteh 
demonstrate nu aicrage increased speed ot return ot ippro\iiint<h 41 per tent 
f ister rumen iftoi administration of blocking igcnts 1 Table VII 

simll group of patients weie studied who bid undeiuoiie prewous sui- 
)-< r\ dm (ted toward the pulnionm autoiiomit nenous si* km Tlie lesiilts of 
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this stu.h ire noted m Tables V1IA uul V11D The munbei ot patients so 
studied is ton limited to pcinnt the drawing of final londusions at this tune 
hut oik is quite impressed with the dasstnl (’lass dll Upe of emplnsomatous 
risjionsi ni tin jiatunt who lnd had bilateral uppei dorsal sMnpatlicetonn from 
the ie\el of the fiist through the sixth dovsil \eitehra (Fig 1) The absence of 
sMiipathitn union ltmti of the lung in the picsenic of diffusepulnioiuu' oniphi- 
stina still ptrnntted a restui" pulmonais artei\ ptessuie of a distmeth eleiated 
t\ pe with i sigmlii nit use after oxen ise ]’haiina< ologit hloehing of the aagus 
nine i omponuits to the lung de< roastd tin post oxen ise si stolii and diastolic rise 
to i signifn nit degne A somiwh it snnilai lesponse is noted in the patient who 
hud had i Inlatit il nppoi dond s\nipathectonn (the tint lUiough the se\enth 
dors,d urtilui) with m tssoi lated mill itcral pulnum m \igcttimn In the 
2 patients with uinlati i il \ ignlonn instituted on tin side ot mote intense ha por- 
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PA - P AT REST AFTER BLOCK 
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BLOCK 


i i 'ii 1 ! 1 ulm tiir» irNn ir ,ir, tr <<-inn» nl nr 11 ,, . itli t rli.it! ,n In n mii.nl uiih 

irnphn 1 tnph\M nntoiis dm is, tin tuidiu.s suu_«st thu tins is prolnhh i 
ami, phis|ii!„_n ippr..o Ii n, tin dm m mlm midi i question lliistvpoot 
ft >p tun. .nlnni studi his 1.in, , stm.lird pi..,,dm, m tin siirm, d 

V;’ rT" Fu.CIm, ,„ r ,I„ ,, lM Mir mil ni lm , li(lIl 

", , U "T ' U "' ] uln, i.m.t is , ,„ ., m< pn„, 

" "H’dti,., imims 

, *7V;‘ V"’' 1 T h ' l ** •hhmm, 

r i n, ,, s i,^„ ^ j, r , H j ur> ^ , n thn ,1| N t s, 



MlSCEIT ANE0U8 CARDIOVASCULAR LESIONS 


576 


the journal of thoracic surgery 




\BHOTT FT \L \ \Gt-^ TKRVE IVTR VTHOK VCIC DISEASE 

Direct Pulmonary 1 rtcnj Pressure Mcmuranaits (at Thoracotomy Open 
( /lf<f 1 \ off ) — 

Tim method 01 studi imolnng diroet pressure measmements both ot the 
puliuoti ir\ irtm and ot the pulmoirm tern includes a considerable more 
diversified group of disease entitle than the so called indirect or caiduc cathc- 
tiri/ition studies It should he emphasized that the investigative studies vvere 
olit mud prnn to nn handling of the lung opening ot the peuuudium or other 
ihfmitne surgen 
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a hitriino' in Miscellaneous ( ardwi oscular Disease —The data obtained 
m the stud\ of \ trams tv pcs 01 pitients undergoing thorneotonn for various 
*' I' 1 s ot < irdnmsr «hr lesions art noted m T tides V111A and YITIB Onh one 
tr n mg uns ru orded m the tur dog\ of Fallot group since theien is a tendeiuv 
throughout tins studs to conhm our studies to the adult patients In this one 
Hist in<i it dm s ippt ir th it i signifii itit increase m pulnionnrv niteiv pressure 
Imtli sistolu md dnstolu vv is leeordeil after institution ot lett \agus nine 
him 1 It is mtiri stmg to spunhtc upon tin possible ininpiritive bmefit Irom 
su.li i bloih and th. lmproud o\v g, nation oftui notid m this patient group 
aitir idnuiiistrltnni m morphim sulfiu or Demerol In the 2 patients with 
coots t itmn »i iln mil i the pnhiionan mm pressure was mimd to be rein- 
tu-h l«m m proportion to the svspimi blood prossun throughout the entire 
stndc \ tall m diastotn pn.ssun with the \<ntilitor\ pressuri at either 10 
or F. is s,,n m oi. nr nt-r hi both p Hunts Two pitients with patent 
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<mt ot these patients m the other pitiout i constant tiend tow ml a hitrhei 
diastedu prcsMUe at all ecntilitoi* pitsstncs was icconlecl after institution ot 
MUUS nerve block It is not telt that i suflmciit ntinibii ot patients ot each 
t\p< is included m this stud* "roup to make nn definitive linpussions How- 
ectr there ire e< rt unh interesting difleriincs in the pic and postblock pies 
sun' nu isuununts m the 7 t pes ot catdiovaseulai lesions indicated It would 
ippt lr th it a disc ise which is charactcri7ed he hi"h testing pulnionai* liter* 
pressure sueli is patent ductus arteriosus and mitral stenosis shows no tendenev 
tow ird dec lease m the svstohe piessme attei block while the diastolic piessure 
mac nuieist Tin ippuenth surniheant me in pulmonar* ailei* piessme 
ifter Minus nme block m the single patient studied with pnlinoinn hvpoten 
sum is of inte nM 

It finiituln)na(ou‘! /.umohs —Studies weic earned out upon i patients under- 
<numr thor n c»tom\ for peripheral ri aiudoni is In 2 ot these patients distinct 
are is oi i mphv setn itous eh nine in the bisilu segments ot the lowci lobe and 
the medial segment ot the middle lobe wcie found to be pusent Details of 
tins st\id\ m shown in Table IXA with the sunimarv ot the basic oluiiifros 
produced portnwed m Tilde 1XB The pitient with some asbestosis and a 
solit ire pctiphcial nnanuloiua and no empire senna presented cssentialh the 
tuidmus expected to be si on m the iimm.il lumi Speuficallv a piogressne in 
< rc ise in svstoln pressuie was noted with nieteasiHl \cntil itoiv pressure with 
a slmlit concomitant rise m cb istcdn piessure at these le\els The mator ebaiini 
produced hv intravenous itmpiuc w is a<run a use in tin di lstoln pnssurc 
In 2 patients with *rr itutlonns havum wanted omphvsomi the tvpieil emphv 
sum icsponsi m drop m s\stedu ind diastcdie piessiircs at high ventilator* 
pressure hvdsi w is noted efte r idmuiistratiem ot the blinking am nt 

i /’nmorif /'idmainint Cumiiomu—Tables XA md XB record the find 
ltn-s m i _roup ot 1 pitunts undergoing then notomv loi peiipherill* placed 
priuiir* pulnionir* cm mom i In two instances when tin rem under ot the 
bun. tissui nppe md liormil an e^sseutuUv noimd stud* w is obi lined with 
t'fo.n ssim rut in sestoln uni cli istcdn rt idunis pn ilhlmg liureisis m *cn 
nlit'-r* pressures pruct to idmmistritmn ot Idoekmg pioitduits while liter 
block tin rt appeuud to lu , major im m diistnlu )iri"im and i londcw* 
lomcrc is, in the swtolu pussim In the third pitnnt 72 m irs of nrc with 
cmsidinbh nt, rios, h rosis md difius, cmph*s<nn i mor, 1 1 issic al , mplie s, ni i 
*'p« oi r< i ordttia w is olu mu d 


<1 Hrotx hu , tcuu -a tides XI \ >,„J XIB i A _u.mp m 4 pitunts midet 
r<s,i„„ n l pUH.dur-s t,.| bi.»,i, hi. ct ,sis wcu s,udud be direct pu] 
mo,,re ut.re piessi,,. m< wimmnls lu . m th s, p,,„ n , s , ,, lrk 

' a-,, rroiip oi hums u ,s ,d,t nmd sh„w,ua >sM,miH* m -iiiI„ mt cfTe.i 

\ X " 1 ' , '7 ,1,h " ,r,h ' 1 " b ot tin < \p,-i t, d , ,s mdnsnd,, pnssim 
V i1h h, ', nn ; 1 or * mils Mo, h n 1( , l|I1([1 

m Mis U mp who|U el* in ,d In! ,1, r ,1 hr, n«lu,,tis,s m,l who hid pnLmK 

, ,, , ! ~ r . ” '* 1 " *' M '~ n,In in' <h cm, • ,,i pulm,m ire 

1 “ ml mrM.nl UNtn , 




Atropine_Constant drop after block 



Turn \I\ I*iiM<>N\it\ \irut\ l»min I'nssiii (Ohs Ciiist) 
Hr ostliJ) i ) 'sis 
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nrRe nplcnl bulla with Fcvcrc hypertrophic emphysema rcBt of lung: 
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\\<Us \KR\T- IN l\TK\THOMCIC D1SKASF 
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„i ptilmoinn resist mee with little tlnn*r< in the svstolie pie-ssine response to 
i] multi s in vcntilnton pressiii. mid a suEiustne surmhemt *i*' < »* dinstolu 
pri- nr. u!u » the v. nlilation rtadimr was 10 and 20 

I I’ttlmtnutrii h vi]ihif^(inn —T dilcs XIIA ind XIIB designate the find¬ 
ing's of dire.t pulnion ir\ irt. rv pressure studies on patients with difteunt tvpcs 
til pulmonnrv ctnphvsitni A naiii one should mention that tluse patients had 
hid preop, ritive . irdin. e ltheterization studies The details ot comparison ot 
ih«s. two methods of studs of the Mine patient will he presented m i Intel 
. omnium, at ion \t the present time our eudeiiee melinites that there is a 
distiu.t piralhl hetwe.li the finding's In the two in.the.els Pulntonarv niton 
pressings teml to he distimth lower m the latenl doeubitus position ttnelu 
mesthesii than thev are in the snpmi position in the eonscious state 


T\mi \HH ViiifT... t ns litoiK n\ 1*11’ 
Iliri.T Muvsiifmfst—O n\ < iif>t 
I’.imosvfv Fmihvsfmv 
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In the pit lent with pur. hullnus tmpliwnu, a shalit diop m diistohc pies 
sure at Inch sentiliton pitssttres w is noted aftei hlo.h In tin 1 pit tent with 
nu\. <1 hullnus mid h\ p. rtiupln. .iiipliwmii i elistnut linden, v tow ml i diop 
iti pressim aft. r hi.>.h w is noted it all vcutilntniv jmssuie levels In the thud 
pit h tit mid. rc'omir suimn for i lime ipi. d lmlla hut m whom m i\tiem» 
ihien. r»i difitis, hvpeiti.iphu emphvsema w is present the v i"us hlo.h pro 
dmed ir.htiv. drop m s\ st oil. pnssiiio it ill ventil itnrv pr.ssui. l.v.h r«h 
low ilia dir. < t vaults htwh tin pati.nl s svst.mi. hlood pressiiu uni. is. d 40 
mm Hit uni v.t tlu ptilnum in .rurv pi.ssuus itt.rhl.i.h vv. it no higrlu l 
lh m tlu.s, lahtii pilot to phvsioh.cn d< m rv itmn In the lemuniiui S pntunts 
with (liss HI h\ p. rt tophi, .mplivs.nu mid. ramm. surum «onsjstiin» ot ie 
M.tmn ot lm di/.d l.roin!.n<t w> plus \ luotonn loh..t..mv tot . ir.umma su!> 

' >' for ennui,>m i ,,i vtcioim i„r hv p, rtrophn eniplivsenn 

dnr. was , mirh.d sumliritv „i r,spouse It would suumM tin! thus is i 
1,1 hvp, riroplu, .mpliwnn s«, 1, that toll,.w,„» itiopui. or 
'Winston i l,1o,h tin puhnotiirv ar» rv pi,s M u, ,h„th svstoln nn ,i 
<h soli, I shuns , M_iiifn ml nil ,t most vuitilalon p r ,ss„ie 1, % ,| S 
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\ aGl s \Ut\T I\ INTRmtOpVCIC DISF-WE 


tint pulnnmtra irtcra uni tun duvet prositr« nnasm enutits is emphasised ha 
tins < irla pilnt Simla < omoniit nit '111(110 in otu lospiratora Dilution labntn- 
t,,r\ sin u\ in < s-sinti tlK < mist mt in ijoi me reuse in o\a ge n npt ike In unpin"Om 
it.ms p it ii nis (Mm ill in tlnn 1 1 itt 01 i.ltminstrilinn of Mult dings .is 
itrnpiiu iniiiinphaHim l’ro tt lntluno Isupitl uni Adrenalin Calimla 
mu,!, oi the (lot ill of tlu pithologu. phasmhma of pulmonara empire sema n 
not mu atlcipiatoh detmed 


Production rind ( ontrot of 1 nqn 1 (U/ol Tqpc ''i/udroinc bil licrjxiltttioil of 
1 rntilntoni l'n iturc — 

Tahhs XIVA mid XIYU ontltnc a senes ot eaents aalueli occurred in G 
patients t'i ot whom wen in the stud a group) of a total of 33 patients nneler- 
mmiti ilireit pressure me inurement studa This constitutor! the single impor- 
t nit i ssenti ilh dangerous (omplieation of this studa In 3 patients with mitral 
stmosis tlu effect ol me of acntilitora (inspiration) pressure from 10 to 20 mm 
lit. upon the blood pressine and pulse w is recorded In 2 of these patient' 
i one mint uit puhnonire artera pressure readmes aaere obtained With the rise 
of acntilitora pressure to 20 constant drop m lilood pressure and slow mg of 
pube aaert obtained Direct a ig\1 block eould not alter this course ot events 
hut i return to normal st \tus ot sue h a tt vl signs as blood pressure and pulse 
aaas ciht uned ba re~uimtig a aentdatora pressure of 10 nun lip An c\aetla 
sttutlar situ it ton obt uned in 2 patients auth pulmonara emphasenia undergoing 
direct pressure measunments In 1 oi these intraaenoiis atropine failed to 
block tin ieth\ and m the othei direct lett aagii' nerae injection auth 1 per 
u tit pro< mu t iih d to liter the pliasiologic disturb nice In both these patients 
tin resumption of normal pulmonara irtera pressun sasicmie blood pressure 
uid pnl'i obtained upon instituting t more phasmlogie aentdatora (inspira 
tmnt i>ri "urc \i/ in nun llg In the sixth patient noted on these tables as ho 
wis not undergoing amiilatora pressure simile's hut undergoing mitral com 
imssiirotoma tin jmsomimssurototna pressure re> idings m the pulinonara nrtera 
uid in the hit ltrnim reaetlcd i biz-irri disproportion ot pressures The m 
'nnmoil th it this markid disproportion nidn ited a meihinual block to blood 
d iw through the lung aaas not lmmcshitela nppree i ited and a seaere drop in 
sast'itm blood pn "lire and slnaamg ol the puls c nsinsl Investigation rc 
ac d"l tbit tin balloon ot tbe mdotrubi d tube aaas oairdistembd and lapjung 
on r t!i. cud of th. c ndoirae he d nraaaa This aa is radnaed and the operation 
11 s ndi'l holloiam. i 1 1 issu d conunissiirotouia the jmlmon ira artera pri s 
stir, dropped to J2 10 aahih tin hit curie ul ir pressure <bs n isi d to t. It 


I ' not lies n our e \pi rn m i to s,s i pulmon ira irtita pressure ot 70 dee re is, 
t- I' s thill to or '.o liter e oiiiimssnr.iioma r , ,dings „),t imed at the oporit 
uu ' hh \\, th.r. tor. mf.r tint th,s p ,ti. nt s esunmissurutoma pul 
1 lira If ra pressun aa,s pn.bibla s , n „ a ]„ r , m th- ne ighlxirhnnd ol 10 
,l v "" V " nut ia line m in <} h Ins |„ nc |, H „ (Mir 

, V ,M l , 1 '"‘l^l'mmdpoMt.aepn-ssnr, a_s well s d, n „ni. dla 

ia- n,.,r i —m,- priori, op, AIlh 

/a ,7 ,V~ «r--» “rth. 1 i, un.neulm 

, „ ' u ' ,ri ’ ' Tl * ,v, dem, pntPo,! -iJs, , aunhl tend 

, 'i~ 1 *' , jis I * 



Tarif \IVA Production of Vaoo Vaoai Type Syndrome by High Ventilatory Pressure 

CoRRI CTION OF SYNDROME BY REDUCING PRFSSURE ONLY 
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P -— PulflO 

•With full In BP the PVP rose both beforo and after block 
tWlth fall In BP the PVP roae both before and after block 



VUROTT FT \I 


V AC.t s \KRYF IN INTR VTHOR VCIC DI"F„\NF 


"iST 


Tuur \IV B ProiitcnoN or A \go V agcl T\ie Svndi ome bv IHgii A ENtn-vrora Pi rsscrEs 


M MBEF 1 

or ! 
r^nrsT 4 ' | 

MSEASr 

FFtrcr risr \r\T r 

10 — 20 

E* FECT i>ror ^ E\*T P 1 
20—10 I 

FrrLrt oi 
mock 


Mitr it «=tono*is 

1 High PVP un 

changed 

2 Constnnt BP drop 
a Pul«e drop if lngli 

or normal 

1 High PVP un 

ehanged 

2 Constant BP riM 
a Rise in puts. 

None 

i 

}■ mj»h\ «oma 

1 PVP increased 

2 BP dropped 
a Pulse slow ed 

3 PVP dropjK.l 

2 BP ros. 
a Pulse speeded 

Xone 

1 Vtropuu 

1 Dire, t 

i 

Mitral “tc nosis \\ ill, olr-truotion and 

with re«pim stenosis 

tore ohstruction 1 P VP 70/50 LAP 

1-/5 

2 BP seven .lrop 

1 Puls, slow 

Olistru.tion and 'teno 
sis relieved 

1 PVP 22/10 1 AP 

S/0 

J BP normal 
a Pulse norm cl 



$1 MM \R\ VND CONCLUSIONS 


have presented 1 gioups of patients studied In difUunt methods rola- 
tiw> to the effect of vagus none blocking agents upon tlic pulmonuv vaseulai 
dummies in the piesenee ot \aiious caidiovasenlar and pttlmonai\ diseases 
liightun p iticnts were studied hi < at dine cathet citation m the conscious stati 
".lth the dust wall intact and phwologu vagus block pioductd h\ the use ot 
either intravenous Pro Banthme 01 atiopme sulfate In a second gioup ot 'll 
pitants direct pressiue measuuincuts wete made upon the pulinonnn aiteiv 
|>ulmonni\ \cm or both at the tune of tlioi icotonn foi \ariotis cuuliovascul it 
or pulinonan disease states The statistieil dat i obtained In this method of 
stiuh ha\c been presented icMewed and summarized 
^ < f< el justified in di i\\ mg the follow mg conclusions 


1 "studies upon the (fleet of \nious dings which lme known specific 
< JTr< tv, upon the mtoiiomu nervous s\stem on the pnssurc tiumgs ohtumd 
fretn the right hi art md pulmonar\ nituv in difiennt c irdnnas. ul n and pul 
inomn disc isos as well is m tin norm ll human hemg should help to ilmf\ 
"ur knowledge relatne to the <ontiol of the heait gre it vessels and lung b\ 
da uitonomie mmms sc stem 

~ Intra\ascnlar pnssun tiumgs obtained at the opnitmg tilde unde i 
st on irdized conditions ccf anestliesia and vcntihtoiv pressuic constitute a new 
7" "" fnI ,<>o1 f " r 'hi invest.... iti.cn of the pitbob.gi, phwedogv ,.t thorn k 


! ‘smb studies, „ the opentmg t ibl, , m ippu.nth b, done without 
“t to tin patient if on. is c.iscms .») th. . .pictv of high, i veutd.torv 
i tins to produce a \ igo vaud t\p. ot nth \ s\,uhom, 

" f ,hfr,n,,t ,hw ~-' " r «•» 'to ippln Hum ot bloikim 
n'c,,,,'' ! ,,,n ’ 1,4 1" " , ' 1 1’ *t"isv mp nil. in m , vous sworn c m cnhrnic 

?, ", mints ni oh „ th, tun, of thorn,.(„mv 

s, " P'lhnonirv crtcrc l-nwir, 

, "t .t, should m.t ns. un . , v,.. ,s. )„„ , , lM dnsto!,. 

c. ^ ” ,,r H'-rmnolo.,, vc.usmrv, hi., k hut, it nM md r 
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6 Essentially similai findings weie lecoided foi a patient with bullous 
emphysema and another with isolated penpheial gianuloma, and m 2 patients 
with peripheral primary carcinoma m conjunction with normal appealing lung 
tissue 

7 In patients with mixed bullous and hypeiti opine emphysema, and pa¬ 
tients with pure hy r pei - troplne emphysema, Class III, the expected use m pul 
monary artery pressure aftei exercise was maikedlv depressed oi blocked com¬ 
pletely after injection of the pharmacologic yagus nene blocking agent Tlieie 
was a distinct leduction in diastolic piessuie in the pulmonaiv arten, both be¬ 
fore and after exeicise m emphi sematous patients following institution of such 
a neive block 

8 In patients with so called “fixed” pulmonary emphysema, who had 
usually piogiessed to secondary pulmonaic vascular changes (pioducing an 
ineiersible pulmonary lesistance) the yagus nene block did not induce the 
postexercise systolic pressure rise, noi was the diastolic pressuie in the pul 
monan artery depressed 

9 Howevei, in patients with Class IV emplnsema, a moie iapid letuin of 
an eleyated postexercise jnessure to the lestmg base line was obtained aftei the 
institution of pharmacologic block of the paiasvmpathetie nervous system 

10 Caidiae eathetei studies upon a small gioup of patients haung had 
pievious surgery duected towaid the pulmonan autonomic nenous svsteni 
suggest that a hamful effect is obtained from dorsal symipathectomy and a bene 
ficial one from pulmonan rageotomi, in patients with Class III pulmonan 
emphysema 

11 Diieet pulmonan aitcn piessuie measuiements upon a gionp of pa 
tients with miscellaneous cardiovascnlai disease suggest that y agus nerve block 
increases pulmonan arten piessuie m tetralogy of Fallot, tliat the diastolic 
pressure may be depiessed by higher ventilatory piessuies in eoaictation of the 
aoita, yvlnle m pie-existent pulmonaiw 1111161161181011 in patent ductus aitenosus 
this pressure may be fuitlier delated by dnect yagus nene block The sig 
mficant pulmonaiv Inpeitension noted in patients with mitral stenosis is essen 
tialli unaffected in its systolic component bv yariance 111 the yentilaton piessure 
befoie 01 aftei vagus nene block Howevei, m this gioup of patients, the 
diastolic pressuie may increase at yanous yentilaton piessures after block 

12 Patients with unilateial bionchiectasis demonstiated essentially a 1101- 
mal pattern of pressuie measuiement pulmonan yasculai dynamics befoie and 
after vagus none block, except that the diastolic piessuie tended to show no 
effect in 1 espouse to administration of the blocking agents 

One patient with adianced bilateinl bronchiectasis and associated pul 
nionan' In pei tension shoy\ed 1 lie findings expected yyith a fixed type of pul 
moiian lesistance such ns is seen y\ith pulmonan aitcnoscleiosis, pulmonan 
•uteuolai scleiosis, 01 initial stenosis Dncet piessuie incasuiement studies on 
patients yntli pulmonan emphysema showed little significant change in patients 
y\ith pine bullous emphysema, but significant change 111 mixed bullous and 
hvpcitiophic 01 pine In peril opine emphysema 

13 The chop 111 systolic and diastolic piessuie aftei afiopmc at aiciagc 
yentilaton piessuies and high yentilaton pressures parallels the findings noted 
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in mik!\ of pulmonarv arten pressures at rest and during exercise in con- 
<,i ;ous patient 4 , undermun" < irdiae catheterization 

]4 Too ii w studios on nulmonan venous pressure have been earned out 
to mnki dofmitiw conclusions except that the initial pilot studv promises that 
major intoriii it ion < m lie oln lined from concomitant pulmonarv arterv and 
von direct pressure meisuumeats 

l'i A v um vaeal tvpo ot svnnrome with stvore drop in svstemie blood pres- 
siirr slmvni" ot the puhe uid either ehvatmn of tlu pulmonarv arterv pres¬ 
sure or in nntename ot i high pulmonarv arterv pressure if alreadv elevated 
i ui be prodm ed In luirh vt ntilatoi v pressuies Tins vasio van d tv po of s\ udromc 
pi rsists di spite idnmuslration of intravenous itropnio oi unilateral direct vagus 
lit rv chinch Tin ihumes ire uversibb bv letuinmg the ventiiatmv piessure 
to nmn jilivsiolome limits 

Id studas Murirest tint tin juilmouirv men pitssuie found m health 
uid discisi was dependent upon (al lisrlit vcntruulir pressure and output 
flit tin mmiH tomi of tin pulmonan valve (t) the tone of the pulmonarv 
irt< ri d w ill both is it m i\ Ik afTttltd In sdeiosis and In spasm secondarv 
to ri Ih \ mtoiiomii inn mis (outrol (di ahnormil svstemie vascular to pul- 
nioiurv v isndir svstem shunts (el the pussuic within the alveolus and (f) 
the resistance prt suited in tlie inflow trait of the hit hcait (tone of the pnl- 
liimnrv vonv ill status of left uirule and mitr d v alv c) 

1“ Tlu \ mus norvi appmrs to have the eapaeitv to meuasc tlu pressure 
within the pulmonarv irterv J>\ ntlur contraeUm ol the arterial wall or in 
cn asmv. the prrssiiri within the alveolus bv bromliosp ism or both 

Is The capantv uf v uni mrvi hloihum aumts to jirodmi ( ii mi reased 
\i util itorv c ip a itv ib) ib i n ised pulmonan arterv jin ssiire and (e) con 
|omit mt nit rc ist m ow!_(u uptake at rest uul durum stress m pulmonarv 
imphvsimi siiutifsts ib ii a pithnbmn dturec ol vatroioma is pit scut m this 
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Discussion 

DR ELTON TTATKINS JR, Boston, Mass—I ha\e followed the verj interesting 
work of Dr Abbott, Dr Sloan, Dr William Adams, and others m the forgotten field of 
lung circulation m various disease states The studies are difficult to do and more difficult 
to interpret Consequentlv, I would like to ask Dr Abbott one question, whether he has 
drawn any conclusions ns to the site of action of these various types of autonomic nerve 
procedures The reason I ask this question is tlint mam \cnrs ago Dr William F Hamilton 
showed that whin he tinkered with the autonomic nervous svstim m experimental animals, 
there were changes in pulmonarv arten pressure, but these changes resulted from the in 
fluence of the autonomic agent upon the s\stennc vascular bed As an injected autonomic 
drug passed through the lungs, verv little change in pulnionnn nrter\ pressure occurred 
until the agent hit the peripheral circulation, when vasomotor changes occurred which shifted 
blood from the pulmonan vascular bed to the sjstennc vascular bed with a resulting decline 
in pulmonary arterv pressure The reason I raise the point here is that, if the observed 
alterations in pulnionnn arterv pressure are the result of changes in the svstenne vascular 
lnd, the reduction of pulmonarv arterv pressure observed bv Dr Abbott muv be accompanied 
bv deleterious peripheral circulaton effects of much greater significance thnn the pulmonan 
arterj pressure changes 

DR ABBOTT (Closing) —The question askul in to the ixact action of these drugs, of 
course, is difficult There is some evidence to indicate that the action is upon neurogenic con 
trol of bronchial musculature I think we should emphasize the fact that the findings follow 
ing drug action with effect upon the heart in the enthetenzed patunt with the intact chest 
are similar to unilateral vagotomv, except not quiti ns complete ns the unilateral vngotomv 
produced bv direct injection of the isolated vagus nerve The persistence of nction of these 
denervations is particularlv striking in studving serial studies of patients before and after 
unilateral vagotomv The denervated lung which presented major obstruction to air flow on 
expiration prior to vagotomy expels air approximately twice a« fast as the contralateral lung 
Thus, on fluoroscopic examination during forced expiration, a sh fting of the mediastinum to 
ward the side not operated upon is produced until contralateral vagotomv is performed This 
action, therefore, of denervation producing release of obstructive hvpertomcitv of the bron 
dual musculature is evident upon fluoroscopic examination Evidence is nl»o obtained bv 
tin bronchoscope of the lack of contrneturnl capacitv of the bronchial musculature following 
pulmonarv vagotomv The fact that investigations with the open chest show that high 
endobronchial ventilatorv pressure produces alterations in pulmonarv vas<ulnr dvniinucs onlv 
partinllv affected bv denervation suggests to u« that the action is motivated ns follows Tin 
i linage in air pre«sun within tin alveolus is a direct result of the tom of entering bronchioh 
into the atrium musculature plus the endobronchial ventilatorv prissun The i (fei t of this 
pressure within adjacent alveoli upon the interposed pulmou irv va«cu'ar bed (onstitutes a 
petiock nction, and thus, in part, controls tin pressure within tin pulmonarv artirv and vein 
Indied, this fnut of control of the lesser i iri ulntion bv uirnnii in intrn alveolar pri ssure 
is reflectid also into the grentcr circulation There i= not turn available to defim the mo h 
nnisms existent to effect this intrn nlvi ol ir pressure, but oni mav lonfhhntlv stnti that the 
nction of the vagus nerve in this regard is becoming increasing]! evident 



TEMPORARY UML \TERAL OCCLUSION OF THE PULAIOXARA 
ARTERY I\ T1IL PREOPERATIYE EVALUATION OF THORACIC 

PATIENTS 
A Prfliwfn vrv Rn > oRT 

Hr nrrr Sinw AID Tof H Morris AID (b\ inyit vtiov) AIfimn' Frifv 
MI) (in ixvttvtiox) vxn Robfft Lff BS (Uhfm ) (b\ imitvtion) 

A>.n Arbor Alien 

IVTKODLCriON 

T 1IE alnlitv of a patient with impaired caidiorespiratorv function to tolerate 
juilmonan rejection is difficult to evaluate Satisfaeton method*! are 
available for (lie measurement of juilmonan function and the decrease in venti- 
laton function which will result noni a pulnionan ie*-eetion can he piedicted 
It is now rctn«rniJ'td that in ilnlitv of the caidiovascular svsiem to compensate 
for a reduction in the juilmonan vascular lied lollowing pulmonarv resection 
in n he as ini])ortant as a leductioii in ventilitorv iunetion in determinimr 
the outcome ot operition The desiralnliL of stud'ins the c.ardiovasculai 
"stem in indents hems considered for pulmonale resection has not been 
< mphasi7cd sufiicirntlv despite dentils follow ms opeiation which were due 
to pulmonnn h'pcrtmsion 1 ' 

In 1 f arleiis llanson and Nordenstiom oc eluded one juilmonan 
nrton tcinjmr irih with m intivtable bvlloon at the tip oi i eaidiae catheter 
Extensive jihvsiolmnc and ansmsi iplne studies of the jntlmon.it' cmulition 
einplov in/ this method wt r< eairiedmit 4 ' Ncnnr Mnne Miehrell mil llaw 
thorite combined temjtoi in occlusion of a jniliiionuv arten with occlusion 
"f the bronchus to the same Inns These techniques have nude it possible 
to prodme the cinulitorv md vcntilatorv ehanscs which nuslit be expected 
to follow juilmonan ri si ( tum is well as to rv du itc tin ibihtv oi the ciruilatorv 
"stem to < omjx nstte lor i reduction m the pulmou m v ismlir heel 

'studies of the cinulitorv eh ms* s lollowintr tcmjior irv mill itenl ot i liision 
ot the pulmoinn irti rv hive bes n c irrn-cl out bv us m U indents buns 
i""b r< d tor juilmon irv ri'otion Sivtmi oi the indents bid < an mom i 
"f *lo luiu cine p it it lit lmd lul itc nl obstructive cmjdivstma due ui jnrt 
t" hn-tithnl eomj>rvssinn 1 »n hmj»b ne«h-s and th. rcuiainnis indent h id t 
lo-ab o.l mtbmuiiatorv lisjon 
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"ith a distal occluding balloon and a pioximal sampling onficc Mas passed 
tlnougli the left median basilic \ein into 1 he pulmonan aiten of tlie imohed 
lung The loft biaclnal aiten lias jnmetmed with a No Hi needle and a 
flexible Miie slvlet was passed tlnougli the needle mlo the aiten The needle 
uas MithdiaMii and a pohetlnlene cathetci Mitli an inside diametei of 0 047 
inch and an outside diametei of 0 067 inch was passed ovei the stylet 
into the arteiv The stylet was then u’lthdrau'n The end of the cathetei 
M r as obturated ivith a No 18 needle and a stopcock Aitenal samples and 
pressuies weie measuied through the stopcock The needle and stopcock Meic 
removed dui nig the collection of samples foi eaidiac output m order to obtain 
maximum flou thiough the pob ethylene tube 

Measurements of pulmonan arten and biaclnal aitery piessures uere 
made with Statliam strain gauges and lecorded with a Sanborn Twin Viso 
Caidiette The zeio lefeience level was 10 cm fiom the table top The 
electrocaidiogiam was momtoied continuously Cardiac outputs weie de 
termmed bv the dye method aftei eaihei attempts to measuie cardiac output 
by the Fick pnnciple yielded lesults which veie not satisfactoij For each 
cardiac output, 5 mg of T-1824 weie injected into the pulmonarj aiteiw 
proximal to the balloon through the cathetei Senal arterial samples were 
collected in tubes lotating on a kymograph Determinations of die in the 
samples were made with a 6-A Coleman Junioi Spectrophotometei Ova gen 
satuiations M’eie determined bv the method of Van Slyke and Neill 

Data Mere collected with the pulmonaiy artery patent, following umlateial 
occlusion of the pulmonan' aiten and dunng moderate exercise with occlusion 
of the pulmonan arten The aieiage duiation of pulmonaiy arteiy occlusion 
was foi tv-five minutes Dunng each part of the study, the following deteimi- 
nations weie made pulmonan arten and biaehial aitery piessuies, oxygen 
satuiations of pulmonan aiten' and biaclnal artery blood, and cardiac output 
The right oi left pulmonaiy arten Mas occluded bj the injection of 5 to 7 cc 
of 35 pei cent Uiokon into the balloon The balloon was filled undei fluoio 
scopic contiol until it no longei moved in the pulsating pulmonaij' aitenal 
stream and it began to confoim to the outline of the pulmonary aiten Data 
iveie obtained aftei the balloon had been inflated at least ten minutes Fifteen 
to twenty minutes latei, while the balloon lemamed inflated, these data were 
collected dunng moderate exeicise The exeicise consisted of bici cling against 
arm resistance The exeicise Mas continued foi seven minutes and the data 
obtained dunng the last tMO minutes of exeicise The position of the inflated 
balloon Mas checked fluoioscopicalh fiom minute to minute Maximum 
bieathing capacity, total vital capacity, and one second timed vital capaeitj 
ueie obtained on each patient 


RESULTS 

In 18 patients, it was possible to occlude the pulmonan aiferv of Ibe 
imohed lung and to earn out studies on the sAStemic and pulmonarv circula¬ 
tions Attempts to occlude the pulmonan arterj ueie unsuccessful in 4 
additional patients The catheter could not be passed into the pulmonan 
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nrton in 2 01 these patient* The balloon hurst as it was inflated in a third 
patient The fourth patient had rectal bleeding from a recent sigmoidoscops 
durum the catheterization 

Insertion of the catheter and inflation of the balloon were onlv a little 
more difficult than manipulation of the catheter m a routine cardiac catheter¬ 
ization Mot of the patients’tolerated occlusion of one pulmonan arten 
is ell ami had no ssmptoms durum the period of occlusion A few patients 
were subject i\cU short ot breath but no patient was dsspneie One patient 
noticed that his heanne and \ision were more acute after the balloon was 
defined although he had not been aware of am abnonnahpi while the pul- 
ntnnin arters was occluded 
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the journal of thoracic surgery 

were metastases to the supraclavicular nodes Studies showed that pulmonan 
function was not significantly reduced With occlusion of the left pulmonan 
aiterv, there was a slight rise m the pulmonan arten and biachial arterv 
pressures and a proportionate increase in the cardiac output and arterio¬ 
venous osi gen difference The biachial aiten oxxgen saturation remained 
normal While the left pulmonan aiterv vas occluded, the patient was 
exeieised The pulmonary arterv piessure rose to 36/12 mm Hg and the 
brachial arten pressure to 152/76 mm Hg Tlieie was an additional mciease 
m the arteriovenous oxygen diffeienee and the cardiac output lose from a 
resting value of 5 1 L per minute to 8 9 L per minute The brachial arten 
oxygen satuiation lemained normal 

An abnormal response to unilateral pulmonan aiten occlusion was 
encountered m a 69-year-old man vith carcinoma of the left lung and systemic 
hypertension The data aie charted in Fig 2 Theie vas a model ate reduc 
tion in pulmonan function, although the timed vital capacity was within 
normal limits The pulmonan r artery pressuie was 20/6 mm Hg at rest 



pig- 2.—Left pulmonary arter> occlusion Abnormal response to temporary unilateral occlu¬ 
sion of the pulmonarj arterj in a patient with impaired card!o\oscular function 

It rose to 26/14 mm Hg following occlusion of the left pulmonan arten' 
With exercise and occlusion of the pulmonarj arten, the pulmonarj arten 
pressure rose to 48/14 mm Hg This rise in pressure was not accompanied 
by a proportionate increase m the cardiac output but there vas a marked 
increase m the aitenoienous oxigen difference With exercise, the brachial 
arten’ oxvgen saturation rose from 89 per cent to 96 per cent 
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The hm m pulmonart artert pressure with pulmonart artert occlusion 
lt „l , Mr < is. the mi rt m m the arteriotauius oxteen difference and the 
slitlit riM m till < lrdi u output tt c re Indict t d to npresent an innbiUtt to com- 
|Miisati fm v rcdiii turn in the pulmonart t mail n bed and an mahihtx to m- 
i r> ,i-i tin ( irdm mitjmt tilth efiort 

\ left u]i]>ei lnhrctnini was performed The patient did well for a few 
dnas Imt then heianu niaeasinjilt ctanotic and dtspncie lie dieel on the 
rlncnth ]«>xtopcr itnc el it Death was bclictod to he elue to procrexsnc 
carelionspiratore uiMifiielcnet Tiie post-mortem examination shotted pnl- 
iiientart einphtsenia and far ad tamed ccneraliml arterioxi leroxis anel arteno- 
si lerotte heart disc iso tutli eardionieizah 

Tlie eardiotnseular response of a second patient to occlusion of the riuht 
pnhnonm arten tias similar to that 311st described This Cateai olel ttlnte 
man ttitli n bistort of isthina had a ciidnoina of the rmht lunfl The 
pita lit s mixunniii 1 tro itliiiicr < ipantt tins f>^ per rent of ihe predicted normal 
t ilia ind his util ea]u(it\ tt is b2 per cent of the predicted noimal talne 
\ rielit upper loheetomt tt is ]ierformeel The pitient ditclopeil pulmonan 
ideina in the inimedi ite postopciatitc period lie improteel and his condition 
ttnx s,itisf a tort for Htord dats \ lit out hi il leak recpuied the reinsertion 
of a thorloototnt tube The patient became me reasnuxlt itanntie and dtspncic 
lb dual xriinteon dits followin'’ operitinn Permission for i post-mortem 
exmnnation ttas not oht nurd 


Tins* 2 pitunts li ul pultnonart function studies tthuli ttcre sufiieicntlt 
cond to Inti permitted a loheetomt to he done Tin' death ol eai li pitient 
ttas dm m part to tin liithilut of his e irdiot use ular ststcin to eoni)ieiisite 
for tin ilniims prodmed ht opirition 

The findings m a -4°* xi ir old ttlnte man ttith eareitiomi of the rierht Inner 
in pri s. nteal m 1 nr { Mthouirli the t ital e npue itt tt is 00 per cent of normal 
tin inn sen,ml tuinal util eapnitt anel tlie maximum hreathnn: eapnitt ttcre 
nduiid to '•() pi r (Hit of tin predntnl normal taints With inclusion ot the 
rmht pallium ir\ irti rt uul < serin the eirdiu output douhled ttithnut i 
mirl-d iin r. is< i„ tin piihiionut ir t. rt pn-ssun A rmlit pneimtone. totm 
t »s don. uni th. pitunt r.s..ur.d mutentuillt despite tin dunase m pul- 
m.m rt functnm 1 In d-ilitt of tin patnnt s tarelmt im ular stst n „ to eoin- 
j'M.vt, f, r . r* dm non m tin pnhnon m tcailtr hid „ m } me nmlnhutul 
t" 'hi sin * * sinl null nun 
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I\one of the 18 patients studied had significant pulmonary hypertension 
at rest Evidence of eai diovaseular insufficiency and pulmonary hypertension 
vas most striking when unilateral pulmonary artery occlusion was combined 
with exeicise A marked rise m pulmonary artery piessure, a greater increase 
m the arteriovenous oxygen diffei ence, and a failure to increase the cardiac 
output indicated that the patient might not tolerate a pulmonary resection 
The findings suggestive of cai diovaseular insufficiency did not unif ormly parallel 
reduction m ventilatory function 
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Fig 3 —Right pulmonary artery occlusion Normal response to temporary unilateral occlusion 
of the pulmonary artery In a paUent i\Ith decreased pulmonary function 


SUMMARY 

1 Temporary occlusion of the right or left pulmonary artery with a 
balloon catheter was earned out successful!) in 18 patients 

2 Unilateral occlusion of the pulmonary artery combined with exercise 
is a taluable method for studying the caidiotascular response to reduction in 
the pulmonary vascular bed 

3 In patients with impaired cardiot ascular function, there is a marked 
nse m the pulmonary artery pressure, an abnormal increase m the arterio 
venous oxxgen difference, and a failuie of the cardiac output to increase 
significantly when pulmonary alter)- occlusion is combined with exercise 
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CORONARY PERFUSION FOR LONGER PERIODS OF CARDIAC 
OCCLUSION UNDER HYPOTHERMIA* 

Norman E Shumway, MD m (by invitation), Marvin L Gliedman, MD 
(by invitation ), and F John Lewis, M.D 
Minneapolis, Minn 

introduction 

C ARDIAC occlusion under geneial hypotheimia is a satisfactory method 
foi peifoimmg operations of lelatively shoit duiation on the open heart 
Despite the fact that Lems used hypothermia to close successfully the first 
cardiac septal defect undei direct vision in 1952, hypothei mia has been utilized 
pimcipally foi juxtacardme surgery 13 Limited experience is lepoited with 
extension of loiv body tempeiatiue to mtiacaidiac pioceduies moie compli¬ 
cated than coirection of atnal septal defects * s Factors responsible for this 
limitation are i elated pumanly to failuie of the heait aftei prolonged peuods 
of occlusion Hypothei mia seems to give less piotection to the heait than to 
othei important body systems probably because the heait extiacts moie oxy¬ 
gen fiom the blood than any other oigan 8 The penod of caidiac occlusion 
from which recoveiy will legulaily occui should be mcieased by adding 
coionary pel fusion to supply the heait with oxygen 

Hypothei mia not only protects the heait inadequately during periods 
of prolonged occlusion, but it also stimulates a lelatively high incidence of 
ventriculai filn illation In one-third of oui cbnical cases, ventricular fibril¬ 
lation occuired at some time during the pioceduie, in only one was defibnlla- 
tion unsuccessful Sv an' lepoited 100 pei cent ventnculai fibiillation m hy- 
potheranc dogs subjected to right ventnculotomy if neither Prostigmin nor 
acetylcholine was used to perfuse the heart pnoi to cardiotomy Although 
defibnllation of the cold heait is not difficult, it is not enough to obtain sur¬ 
vival if the incidence of ventnculai fibiillation has been significant 

The design of these experiments with coionaiy perfusion was twofold 
to prolong the period diuing which mtiacaidiac surgery could be pei formed 
at safe levels of hvpotheimia, and to aveit ventnculai fibiillation by oxygenat¬ 
ing the myocardium 

METHODS OF CORONARY PERFUSION IN THE DOG 

Tho teim indirect coionam pei fusion is used to distinguish this technique 
fiom direct cannulation of the coionaiy aitenes All expenments veie pei- 
foimed on adult dogs veighing fiom 25 to 80 pounds, anesthetized nith pento 
barbital sodium, and cooled to 25° C Fuithei details of cooling have been 
given elsewhere 8 

From the Department of Surgerj University of Minnesota School of Medicine MInnc 
apolis 14 

Read at the Thirtv -fifth Annual Meeting of the American Vssoclation for Thoracic 
Surger} Atlantic CItj N J April 24 to 26 1955 
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| j_- ] lllustrati s tin anatomic considerations Right thoracotomv is car- 
ri< <1 «iut through vh< fourth mt<rco^nl spit.' The azvgos aem is divided 
hen < t n lmiturcs prnnittimr mobilization of the superior aena earn Eleia- 
tio i Hi tin rmr u>in > i' i proanhs iiitnme into the posterior pericar¬ 
dium V tnurmqu* t i"r 'N durmc perfusion is Iooselv placed around the 
hradin>< tph tin trn r\ at its jun< in»n nth tin aortic arch The arch of the 
anna ts then < It trol nnh untu'rh to permit complete obstruction mth a non- 
(rushimr damp at i point lutium the hr n hiotophalie and left subclnaian 
arteries While die lortn damp is monimtarih closed a Xo 30 or 32 F 
P-'riiu owmn <ath<t<r is ihn aded into tin ascendimr aorta via the right 
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coronary sums, the antenoi coionary veins, and the Thebesian veins, it was 
aspirated through either a cardiotomy 01 an incision m the pulmonaiy artery 
The composition of the perfusate was altered from senes to senes and 
will be discussed separately The flow' rate v'as vaned from 50 to 85 c c per 
mmute Pressures were measuied in some experiments, and the range ivas 
fiom 25 to 85 mm Hg Pressuies v'ere related moie to the stiength of the 
heartbeat than to the flow rate at these slow' lates of flow 



Fig 2— A, OuUet for blood from ox> gen a tor B Ox>gen Inlet C Inlet for blood entering 

oxygenator 

INITIAL STUDV 

At first, we thought it wms necessaij to obtain artenal levels of oxygen 
saturation m the blood to be used as pei fusate For this reason a modifica¬ 
tion of the Clark-Gollan gas dispersion appai atns w as constructed 9 This 
simple, bubble-type oxygenatoi, consisting of tw'o concentrically placed glass 
cylinders, is seen m Fig 2 Oxyjgen introduced through a sintered glass 
disc m the bottom of the inner cylindei bubbled blood into the outer tube or 
reservoir ready for coronal v perfusion Glass beads coated wnth Antifoam 
A° were suspended in the outei tube bv means of a stainless steel sieve 
Blood was recnciliated thiough the oxvgcnatoi after it had been aspirated 
from the heart so that the entne pei fusion could easily be done wntli 500 c c 
of blood 


•Dow Coming Corp Midland "Mich 
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In tlu first t\\<> experiments citratcd bloewl was used but \entrieular 
fllmll ltion of (urn d almost as soon ns the perfusion was started Cookson 
m 1 < o-worke rs 1 ' lme e. died attention to this phenomenon All further per- 
ntsioiis w<rt jurformid with lnpinmred blood (20 ms: of heparin per iQQ 
< i oi blood 1 

Tibia I sunini lrrnes the results oi the initial studv Immediate sunnal 
ind'« ttes tint the animal renamed normal tempenture and was line a mini¬ 
mum of 6 hours postnperatnch Late sunn il denotes that the dog was In¬ 
in,: it least one week follow mi: the proeeelure Doers were saenfieed after 
tin din week period in order to oht nn hloenl lor u«e m luture stmlies 


Tutrl f'ii''ii\en Prrrrsiox W rrn Oxarrx \Tor Bt oeu 
IMTIU 'STI ux 


i \j t> v \i rro\m 

! m Man ^ 

I niMrwvrr | 

I ser\r.\i , 

i-vrr 

^rrvrvM 

j TENTTIcrU\r 1 
' rimi 1 -ation | 

TIM F 
(MIN * 

I \.xv \rton< 


X 


i 

**0 

i J X i notour 

in 

to 

i 


" for "n 

r i-’ t v atriculntnmv 


> 

i 

> 

7 for y> 

Total 

it. 

1». 

■ 

O 

JO 


The cire ulatnm was oe elude el m G dears lor 10 minutes md m ID dogs lor 
20 imnuti s Two of the lormer stroup li lei neurologual lnijinrimnt but none 
"i the litter <_roup dnl In iiet lie nrolome a) deficit w is neier obseried m 
un duo w itIi e ire ul iton oe < liismn tor 20 minute s it 2"> c ( 

(, ur itteiition was not sp, c ifie nlh lttr.uteel to hleednur elifluultics al¬ 
though tour eh iths w er< lttributid to he'uiorrhaert eonijiheated m our m- 
s'aint li\ rmjnemi md itri d lie e rosis w ltli perlor itioii 

< i ixte \t tfi\i 

The perieit reeurd oi immediate xum\ il md the rolitnela low mei- 
' ' " 1 "t iintrntilir fibrill itn>n persiiided us to use toronan perfusion with 
tin "Xi e.e nator < Inm dh mr tin < [inure ot two itrnl m]>I d defeets under 

In fiotlu rm i 
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Bleeding appeared to come from many small sources rather than fiom any 
single site Following the second opeiation, chest drainage diminished slowly 
and the patient recovered fully 

The flow rate for each ease was close to 100 c c per minute Blood uas 
not lecirculated through the oxygenatoi The hearts were pink and appar¬ 
ently well oxygenated during the perfusions Cannulation was done through 
the left subclavian artery Although both hearts fibnllated, the ease of de 
fibrillation was remarkable Before furthei clinical application could be advo 
cated, however, a more cutical laboiatory evaluation was necessary 

SECOND STUDY 

In the second senes of animal expenments, we weie seeking m particular 
any characteristics of the technique which might explain the bleeding tend¬ 
ency which had appeared clinically Both the oxygenator and the technique 
were under scrutiny To make the expenments more similar to the clinical 
situation coronary diamage was aspnated and discarded lather than reeir 
ciliated through the oxygenator The animals were carefully followed post- 
operatively and given transfusions when it was indicated Table II outlines 
the results obtained in 7 consecutne dogs with 20 minutes of circulatory 
occlusion and coronarv perfusion 


Table II Coronary Perfusion Mith Oxygenator Blood 
Second Study 


cardiac 

| NUMBER 

IMMEDIATE 

LATE 

VENTRICULAR 

TIME 


APPROACH 


SURVIVAL 

SURVIVAL 

fibrillation 

! (MIN ) 

1 transfusion 

Bight atnotomy 

7 

7 

7 

0 

20 

4 


Transfusions were necessary m 4 of the 7 animals, and 1 dog received 
800 c c of blood to replace loss from the chest canty Protamine, which v as 
given in each case (50 to 150 mg ), seemed to have little effect on the per¬ 
sistence of chest drainage Bleeding eventually subsided m all expenmentnl 
cases, and the late survival rate of 100 per cent was undoubtedly the lcsult 
of intensified postoperative care 

Clotting factors were checked as well as platelet count, plasma hemo 
globin, hydrogen ion concentration (pH), and oxygen content on blood enter 
ing and leaxing the oxygenatoi Samples of coronary drainage were also 
analyzed foi oxygen saturation to aseeitam roughly the myocaidial oxygen 
consumption In general, there was a small mciease m the clotting time after 
peifusion, but no mciease in prothrombin time uas detected in any of the 
3 dogs v hose prothrombin time was determined The entire laboratory annlv 
sis of this series is given in Table IH Platelet counts were insignificantly 
diminished by the action of the oxygenatoi Plasma hemoglobin was always 
higher in blood coming from the oxygenator but never greatei than 147 mg 
pci cent The pH shift was toward the alkaline side with 7 63 the most alka¬ 
line pH of blood leaving the machine Oxvgen contents vveie uniformly ele 
vated to approximately 20 volumes per cent by the oxygenator depending on 
the hemoglobin concentiation Oxygen saturation of the coionary drainage 
averaged 5 4 "volumes per cent less than the perfusate, but the range was wide 
depending on the cardiac activitv when the sample was taken 
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Very little could be found to explain the postperfusion bleeding encoun- 
teied clinically and in some of the dogs Elevation of clotting time seemed 
to depend on how carefully one aspirated the peifusate thus presenting escape 
into the pulmonary cncuit Neither clinical case manifested any increase in 
clotting time The exact cause of the bleeding tendency remained obscure 
although the glass composition of the oxygenator may have played a pait 11 
Apparently cardiac peifusion itself was enough to tiansmit the hemorrhagic 
diathesis to the animal since very little peifusate was permitted to enter the 
circulation 

CORONAR1 PERFUSION WITH VFNOUS BLOOD 

Because of the low oxygen utilization by the empty, hypothermic heart, 
it was felt that blood with venous levels of oxygen satui ation would maintain 
a reasonable degree of myoeaidial oxygenation duinig perfusion Table IV 
describes the results of 10 consecutive eoionaiy perfusions with venous blood 


Table TV Coronary Perfusion With Venous Blood 


CARDIAC 


IMMEDIATE 


UjW , v ultl 


■UHIOLE BLOOD 

APPROACH 

NUMBER 

SURVR AL 




TRANSFUSION 

Right atnotomy 

5 

5 

5 

0 

20 

0 

Right vontnculotomv 

5 

5 

5 

2 

20 

0 

Total 

10 

10 

10 

2 


0 


No blood transfusions were needed All animals suivived indefinitely after 
cardiac occlusion foi 20 minutes at 25° C Ventuculai fibullation occuired m 
only 2 animals Venous blood was diawn fiom donor animals by means of 
a femoial vein eathetei Flow lates wwie always 50 c c per minute so that 
two 500 c c bottles of heparinized blood w r eie sufficient foi the 20 minutes of 
perfusion Oxygen contents w r eie detei mined on each bottle of blood before 
peifusion and on the eoionaiy diamage, the tables aie listed m Table V 


Table V Coronary Perfusion With Venous Blood 
Oxygen Content Volume Per Cent 



DOG NO 

| i 

1 2 

1 3 

1 * 

1 5 | 

6 

I ? 

1 8 

1 9 

1 io 

Bottle 1 











Before perfusion 

8 56 

11 08 

10 20 

11 61 

1140 

5 81 

9 64 

10 42 

9 38 

6 93 

Coronary drainage 

2 33 

7 42 

3 90 

6 25 

11 19 

2 54 

3 68 

1 94 

5 72 

2 01 

Bottle £ 











Before perfusion 

9 21 

10 99 

4 00 

10 87 

1219 

7 45 

11 34 

16 31 

15 78 

12 61 

Coronarr drainage 

4 59 

7 95 

0 88 

4 82 

7 71 

5 21 

7 98 

914 

11 25 

8 17 


The lowest oxtgen content of anj peifusate was 4 lolumes per cent wuth the 
hcait consuming all but 0 88 volume pei cent of the aiailable oxygen Coro¬ 
nary diaimge averaged 4 4 lolumes per cent less in oxygen content than the 
peifusate In I dog ventuculai fibullation occuned as the catheter was 
threaded into the aoita, defibnllation was quickly done after wdiich the ani¬ 
mal wuthstood 20 minutes of caidiac occlusion and light i entnculotoim wuth- 
out i elapse into fibullation 

DISCUSSION 

The fact that the heart extracts moic oxtgen fiom the blood than anj other 
organ ui the body is the basis foi attempting to piolong, be means of coionary 
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cordn via run i ? io\ 


GO') 

pi i fusion tlio period of c lnliiii occlusion fmm which animals consistentlv 
rumor Bv protecting the lie nt with oxvgeui In nn toloiunce to cncnlntorv 
intirinption lieu nines tin futoi which dctcimincs the sifi pound of e mine 
m < hisnm mole r livpotln mil i 1’ull ulv milage 1 ot the time allow tel hv lcsist- 
inic of tin int\oils s\stem to Inpo\i,i .it low temperatuics h is not pievioush 
bun tihin 1 m < mse of fnlme of the lie lit to suivivo Pa fusing the hent 
with blood containing even venous levels of ovvpen peinnts 20 minutes of 
delusion in tin dog it 2')° C withemt evidence of neurological damage 

The best results with lnpotheinun in experimental stirgerv are obtained 
nt temperntures well above 20° C Bigelow miel associates 11 had onh G final 
survivors in 30 dogs with 13 minutes of cnieliie, occlusion at 20° C Our 
• \pernnen1s indicate that piolonged caielne occlusion is possible at a safe 
level of hvpothcimm if the mvocaidinm is oxvgcniteil Bigelow has m un¬ 
tune el that eomplieateel liilrac ircliac surgciv necessit ites 20 minutes of cit- 
eulnteuv occlusion at 20° 0 a teinpeiature too clnngeious foi clinical use 1 " 
We feel that the lepnit of sue h conditions as intei v e nti lcnlni septal defects 
i m he done within the time pcimittcd bv s ife levels of hvpothomna particn- 
lnrlv if the hort is piotce ted hv i oremnrv perfusion 

t’oohson and Costas Dm ieux 14 have st it eel that caidiac perfusion pres 
wires should be in tlu r luge of TO linn Hg to pievcnt coieuurv air embolism 
uni th.it i nonpuls it lie ilow is neecssirv to iveuel untie rcgui gitation De¬ 
spite* these me lsuies 2 of Ins 11 dogs suffered coronalv air embolism Mo¬ 
an ntarv supi iv dv nlar oce lusion of the aoit i to pi ovule ldiv opeiitive helel 
'hiring full bode peifusions Ins not pieelisjioseel to coronuv an embolism m 
the presence of ve nti le ulai se pt d defects 1 Tliemeessitv fen a nonpuls ltih 
"ov it i relativ e lv high pi c ssui e pi oh llilv does not exist when the hr nt is 
"nptv tnd tin pressiiiis ge net ited hv e nduie action dee reused The pi ill 
' ip d ilimge r of e oi onarv air nnholism is me ompIcUc rv u nation of nrfiomthe 
fa ert lii lore closure of the defect nid the e iidiotomv 

Wntruulir tibrdl ition oenirreel m oidv 2 ot 17 e onsee utive> expe riments 
"hd' e ore m irv perfusion did not pr<< Iude ventinnlu fihnll ition the mu 
'bine w IS Well witlun an ueeptible i luge Dogs it norm il temprritnies 
'"'lunitlv re spond to right ve ntrie ulotomv hv d« v. loping fibnll ition heim 
'h"lit"u, of vintrimlir fibril! ition m mv sinus of < lrdiotomies is ratio r 
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si viw u \ wn e o\e 11 -ion-, 
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5 Protection from t entucular fibiiUation is demonstiated by the consecu¬ 
tive, long-term survival of 12 dogs undeigoing 20 minutes of cardiac occlusion 
at 25° C and right atriotomv without ventuculai fibullation 
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Discussion 

DB OSLEB ABBOTT, Emory Umiersiti, Ga—I belieie we should place some em 
phasis on the following problem nhich was presented to us rather dramaticalh in a pa 
tient This was a patient with a thoracic aortic aneurysm wherein preoperatne studio 
could not define whether there was need for resection of a segment of the aorta with 
temporary occlusion of aortic blood flow or just an amputation of the sac without aortic 
occlusion At operation aortic occlusion proi ed necessary Hypothermia was produced hr 
externally circulating blood utilizing a Sigmamotor pump, the tubing of which was im 
bedded m coils of ice The tubes had been primed with heparin and the patient had n 
total dosage of 25 mg of this drug The aorta was occluded just distal to the left sub 
clavian artery, and citrated blood replacement nns gi'en The hypothermia and aortic 
occlusion produced a major degree of hypotension within the li'er bed A clinical syn 
drome, of irre\ ersible character, was produced m this patient, simulating exactly the find 
mgs that Brindley has reported m total hepatectomy of dogs Laboraton tests of this 
patient’s blood showed complete prolongation of prothrombin time, citrate poisoning mtli 
severe calcium depletion, and irreversible heparinization We agree, therefore, with the 
article presented in a recent issue of the Journal of the American Medical Association on 
citrate poisoning as a major hazard of hypothermia with associated decrease in circula 
tion to the liver Any transfusions used m such physiologic preparations should be pre 
pared by means of a resm membrane to remoie the calcium from the blood so as not to 
subject the patient to quantities of citrate or heparin which the liver cannot detoxif' 



WOOD VOLUME sTLDILs IX THORACIC SUROICAL PATIEXTs 
\,«q\G B\D10ACTIYE IODIXATED 11UMAX SERUM ALBUMIN 

(RIIPsA) 

(niton* I Storf\ C mtmn (MCI USX ChirlesG Foster Lifltfwnt 
(MCA U^XR* (m i\vit\tio\) \m> Thom \s Mitciiei l Lihtiwvt 
timor CiR\tn (MBC1 USX** (n\ in\it\tion ) 

Portsmouth V \ 


T IIL importance o£ a normal prcopcratnc blood 'olutnc with adequate 
n]>1 uuncut of blood lost during; and .lftti m ijoi operatiic procedures is 
rt(ogmrcd b\ all surgeons The surgeon often relies on bis elmical acumen 
uni i rout UK blood count and heinatoeut is to tbc blood requirements of the 
pitiont lx fori during and lftei maior surgere The use of these methods of 
ipprusd 1ms resulted in si nous untoward consequences for some patients 
due to the ldnnmstr ltion of too little or too much blood 

Tin r< are 1 number of substanees isotopic mil otherwise as well ns teeb- 
nit|iusb\ w bn b the blood \ olmne pi ismn Miluine mil n il cell Milunie mna be 
determined Tin i irle studies of blood loss elumig surgere lmoleed the use 
•n lolonmitric (ieu\ lumatinV 01 graeametm (weightd spongeU 3 methods 
Tin so tuhniques an useful and their prictnal \ due is reiogni7ed but nil 
mi rims studu s b im shown tint thee do not posst ss a high elegree of accurate 
Whin e umpired with snnult uiioiis e stun it ions of the blood e olume utilising 
mon j>ri i isi methods it lias hi on shown that there is a postoperatnc rodne 
lion m the blood a ohime of from *10 to “>0 per cent more than one would antici 
p Ui on tin basis of the blood loss estimitid gr nimetriealh or eolorimetri 
mil' 1 ' In idditiou to the blood loss during tbc surgical procedure it lias 
hi i n < st ihtishi d th it tin rt is t out lime d loss of rt d blood c < 11s in the post npr ra 
ti\< pt nod at times tin postopi nitice blood loss mi' equal or e'en c\ec«d 
ib it lost during tin ope i ltion * 


Pri'uois in' i stig itors of this problem h im used a il'e dilution method 
i mplo' im. leans him dee (T-U24) P lihiled ere throe'tes or radioaetiee 
" liiuti d hum m serum dhumin (Rill's \ > m th< ir studies Although "t hie, 
us l Mils \ most oltiii wi line ■ also di ti nimn d the hlood ' olume using P 
ml < r ii_g,d i retliro. \t ( s lu , number of pitirnts we lia'e einpluced 
1 t- ’ ml bills \ snnult im md\ tin form, r lor the rt d i .11 'olume and tin 
Utt.riM tb. pi sm i\ olume th. sum of tins, \ dm s be mg the blood 'oluim 
\ . ■ would i \j>.. t tlo e ilu.s for . uh oi tin ib.,'. 'olum.s dtptnd up.m 

)■ b. - on. . map. lnont 'pi sm i or .UK )s d.ltnmned dinctle md th, 

‘ " r ' 11 "tdir.Uh i n a, it md tb, l„mM...nt .. r w loth, r b.,th . ,. m p in 
1 1 ’> s -i .1. < rimiu d md> p, ud, nil' 
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The purpose of this xeport is to describe the blood volume changes in 
a group of 65 patients who underwent excisional pulmonary surgery Radio 
active loduiated human serum albumin was used m all of these studies The 
operations pei formed consisted of 44 segmental lesections, 8 lobectomies, 8 
wedgo lesections, and 5 local enucleations Three blood volume determina¬ 
tions weie done m each case These studies were earned out one oi two davs 
pieoperatively, immediately after operation, and 7 days postoperatively 

MATERIALS AND METHODS 

The radioactive lodinated human seium albumin (RIHSA) was obtamed 
from Abbott Laboi atones, Chicago, Illinois Using 0 85 per cent salt solu¬ 
tion as the diluent, a 5 per cent solution of noimal human serum albumin was 
made which contained 2 miciocunes of RIHSA pei cubic centimetei From 
a calibrated syringe, between 10 and 20 e c of the above solution were m 
jected into a vein Approximately 20 miciocunes of RIHSA weie used for 
each determination After an interval of 10 minutes, 10 c c of blood was 
withdiawn without stasis fiorn an antecubital Aem m the opposite aim Po¬ 
tassium and ammonium oxalates veie used as the anticoagulant Prior to 
each subsequent blood volume determination, a specimen of blood was oh 
tamed to coirect for lesidual activity from the pieceding study 

Hematocrits weie obtamed m duplicate, using Wmtrobe hematocnt tubes, 
and the average value was used m the computations Tlnee cubic centimeter 
aliquots of whole blood aa ere pipetted into small glass vials and inserted into 
a well-type scintillation coimter The crystal used was 35 pei cent efficient 
for I 131 gamma lays and was not volume sensitive between 1 and 4 c c Two 
aliquots were obtamed fiom each blood specimen and each aliquot vas counted 
twice Foi the conti ol, a 1 500 dilution of the injection solution was used 
Duplicate 3 cc aliquots veie counted twice with each blood volume deter 
munition The counting enor for the whole blood specimen and control i\as 
3 pei cent or less 

Calculation of the blood a olume, plasma a olunic, and red-cell a olume was 
performed as follows 

Net co unts/minute/c e control x 500 x c c injected 
Blood i olume - Net c ounts/minute/c c whole blood 

Plasma volume = Blood volume x plnsmacnt 
Bcd-eell volume = Blood volume x hematocnt 

The amount of blood lost dining the opeiation uas taken to be the dif¬ 
ference between the pieopeiatne and immediate postopeiatne blood volumes 
plus the amount of blood given at suigcij The serenth postoperative dar 
blood volume minus the immediate postopeiatne A r alue lepiesents the blood 
lost 01 gained dining the fust postopeiative week The serenth postoperatne 
dai r blood a olume less the preopeiatiAm blood A r olume is the blood excess or 
deficit, relatne to the pieopeiatne value, at. the end of the first postopeiatne 
A\eek Changes in the plasma and led-cell Aolumes were calculated similarly 
In no mstance A\as a blood a olume determination pcrfoimed while the patient 
a\ as receiAing blood No patient lecened blood oi plasma between the fiist 
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u„l thir.l hl«.»l \.»hum d< U rimintmin « m * pt it suicrn All ost minted blood 
J„S.. s rliinm. Mir", n u« re obtained In tin drt unfilled sponge tec Unique plus 
suction bottl. contents It is issuimed thnt each 500 ec of whole blood 
trmsiused cuntnmcd 200 e e of red tells nnd 100 ee of plosnio T lbles I 
thnmch \ III list tin pntn nts thtir dinmmses the operations performed nnd 
tin nbsrnrd blood \ ohmic chances 
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The Tables which follow, IX tlnougli XII, summanze the blood losses 
during 1 a nous pulmonni t leseetions, the estimated losses blood leplacement, 
the additional blood lost in the fust postopeiatne veek and piesent a compnii 
son of the status of the blood lolinnes pi eopei atn eli and one 110011 postopeia 
tn eh 


Taiii b IX Bl OOIl loss IlURINO VARIOUS Pui mon \r\ Rfsectioss 


OPERATION 

NO OF 
PATIENTS 

MAXIMUM 
(CC ) 

MINIMUM 
(c C ) 

A\EKAGE 
(c C ) 

PLASMA 
(CC ) 

CEI LS 
(CC) 

Segmental resection 

44 

3294 

314 

1759 

950 

son 

Lobectomy 

s 

372S 

630 

1870 

1100 

770 

Local enucleation 

5 

2250 

572 

1148 

632 

51G 

Wedge resection 

s 

2S86 

300 

979 

430 

549 


These figuies indicate that the aieiage blood loss duimg excisional pul- 
111 onarv suigen is Iaige and 111 eeitam patients it mat be extiemely so, 
amounting 111 some cases in this senes to o\ ei 70 pei cent of the patient’s total 
blood volume The gieatest individual blood losses as veil as the highest aiei- 
age losses oceuned 111 patients 111 whom anatomical lesection of a lobe 01 a 
segment vas peifoimed while smallei losses veto encoiuiteied m patients 
tieated by localized excisions The losses in plasma and led-blood cells were 
geneiallv in the nonnal piopoitions The laige aieiage losses 111 these tho 
laeic suigical patients aie comparable foi similai opeiations to those leported 
bi Forsee, 4 Baronofskv, 3 Thomas," Berlin, 0 10 Miller, 11 and then associates, 
and bv White and Buxton 8 


Table X Aieraqe Estimvted Blood Loss, Blood Repi_\cfment, VctialLoss, 

and PO Deficits 



SEGMENTAL 

RFSECTION 

LOBECTOMY 

LOCAL 1 

enucleation 

WE DTE 

RESECTION 

(CC ) 

(CC ) 

(c c ) 

(CC ) 

Gravimetncalh estimated lo«s 

S91 

1214 

416 


Average given bv trnnfusion 

1251 

1500 


937 

Actual loss 

1759 

1S70 

114S 

979 

Postoperative deficits Blood 

-50S 

-370 

-54S 

-42 

Plasma 

-200 

-200 

-272 

+132 

RBC 


-170 

-276 

-174 


The figures in Table X demonstiate the deficiencies of the giavimetnc 
method of deteimining blood loss during suigen Although the amount gnen 
bv transfusion exceeded the estimated loss 111 e\en case, aieiaging betveen 
23 and 30 pei cent more tlieie was a significant aieiage postoperative deficit 
in each group of patients In the segmental lesection gioup, onlv 71 per cent 
of the blood lost during suigeiv v as leplaced and 01 ei 60 pei cent of the 
deficit vas due to led cells Eighty pei cent of the opeiatne blood loss was 
replaced in the lobectomy patients the 5 local enucleation patients recened 
onlv 52 pei cent leplacement vhile the 8 patients vI 10 undenvent vedge ic- 
sections shoved a postopeiatne deficit of onh 42 c c and the postopeiatne 
blood lolume vas 99 pei cent of the preoperatne laluc The deficicnei 111 
red-blood cells predominated 111 all patient gioups This vas paiticulnih 
striking in the patients vho had vedge leseetions These patients shoved an 
■neiage immediate postopeiatne plasma lolume 132 c c greater than the pre 
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ofuritm nine hut tlmr ml fells deireisul an nenure of 174 ce the loss in 
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IiIimkI i oliiim Till-' oliM n ltioiis urn i with tIn>M of M.inton f 1 orec 4 and 
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tint of phiMnn is inti n stimr ami important 

Ton M liiuo Uii»>r> liuuir ( insirs is nir hi sr I’ostoi a ittvt 1\ j i h 









618 


THE JOURNAL OF THORACIC SURGERV 


Table XU Average Differences Between the Preoperative Blood Volume and thf 
Blood Volume at the End op the First Postoperative Week 



SEGMENTAL 

RESECTION 

LOBECTOMY 

LOCAL 

ENUCLEATION 

■WEDGE 

RESECTION 

(cc) i 

(CC ) 1 

(cc ) 

(CC ) 

Blood Vol , first P O week vs Preop 

-120 

-109 

34 

452 

Plasma Vol , first P O week vs Preop 

277 

298 

298 

073 

RBC Vol , first PO week \s Preop 

-397 

-407 

-264 

-221 


into plasma and led cells, the situation does not appeal so favorable Those 
patients who had a segmental leseetion had an aveiage plasma volume which 
exceeded then preopeiative figure by 277 cc, but they showed an aveiage 
red-cell decrease of 397 c c Thirty-five patients had a plasma volume at the 
end of one week which was gieatei than that pieopeiatively and only 9 had 
yolumes which were less In contiast, 39 of 44 patients had led-cell yolumes 
at the end of the first postopeiatrve week which were less than their preopera 
tive volumes, while an increase occurred in only 5 The average led-cell vol¬ 
ume one week postopeiativelv was 2,077 c c in comparison noth the preopeia- 
tive volume of 2,474 cc Smce the immediate postopeiatrve deficit was 308 
c c , it is appaient that the majority (78 pei cent) of this 397 c c deficit was 
due to inadequate leplaeement of blood at the time of operation Essentially 
the same changes occuired m the lobectomy patients Although the plasma 
volume at the end of the fiist postoperative week exceeded the pieoperative 
value by 298 c c, the led-cell volume was 407 c c less One hundred seventy 
cubic centimeters (42 per cent) of this deficiency yvas due to iniderreplacement 
at the time of surgery, yvhile an additional 237 c c of led cells weie lost dui- 
mg the first postoperatn e week The red-cell losses m the local enucleation 
and ivedge leseetion patients ueie not as great as m the patients with moie 
extensive operations, but they yvere substantial The 34 c c increase in aver¬ 
age blood volume in the local enucleation patients dm mg the first postopera 
tive yveek, as eompaied yvith their preopeiative yalue, yvas accomplished by an 
average plasma volume increase of 298 c c yvhile the led-cell yolume y\as de 
cieased 264 cc Smce these patients showed an immediate postopeiatrve 
deficit of an aveiage of 276 c c of red cells, this deficiency could be completely 
accounted for, on the aveiage, by undeireplacement of blood during surgery 
The led-cell volume of the 8 patients who had wedge lesections averaged 221 
c c less at the end of the first postoperative week than preoperatively but the 
plasma volume had mci eased 673 c c during the same mterval, accounting foi 
an mcreased blood volume of 452 c c In vievv of the fact that the average im 
mediate postoperative led-cell deficit m these patients was 174 c c, 78 per 
cent of the decrease at the end of the fiist postopeiative rveek was due to too 
little blood at the time of surgery The significance of these deficits m red 
cells at the end of the first postoperative week becomes apparent yvhen it is 
appreciated that the persisting deficit m the most fayorable group of patients 
(local enucleations) amounted to the quantity of red cells normally contained 
in slightly over a pint of y\hole blood (about 10 pei cent of the normal blood 
yolume), yvhile the least favorable group (lobectomies) showed a diminution 
equivalent to the red cells m two pints of whole blood or about 20 per cent of 
the normal blood volume 
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1 The Mood tnlume changes in 6 j patients uho underwent pulmonarv 
rrsn tunis are pr> rented 

2 Tin Mood loss ilimmr intrathoraeic operations is large and replacement 
„n the InMs of uraMinetnc estimations of loss results in significant under- 
trmsinsion Tlx deficit nurages about 40 per cent of the total blood loss 

I H< storation of the total blood relume touard normal during the first 
postopi rati\e with is auomplisbed b\ an mercase m the plasma fraction 
Th< r< is i oontimn d loss of n d ei 11s durum this period 

4 In most p itunts the red (ell deficit at the end of the first postnpcintnc 
v i ♦ K is din 1 ireeh to inadequate up! icdiunt of blood lost during surgen 
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INDUCED CARDIAC ARREST FOR INTRACARDIAC SURGICAL 

PROCEDURES 

Ax Experimental Study 

Conrad R Lam, M D , Thomas Geoqhegax, M D (by inaitation), and 
Alfredo Lepore, MD (by invitation) 

Detroit, Mich 

T HE abilitx of the lieait to suivne circulatory mtei 1 uption might he in 
ci eased hv lemoving the necessitM for it to eoiitmue heating in the face oi 
a diminished blood supply When the \enae eavae aie occluded, the coionan 
blood flow is abiupth cm tailed whde Aentnculai systolic conti actions persist 
When this situation is piolonged, as in open lieait operations A\ith the aid of 
hvpotheimia, the disci epancv between blood supply and musculai aetmti maA 
be accentuated With this m mind, a senes of expei iments weie done to de- 
teimine if the lieait could be delibeiateh stopped while its blood supph Mas 
obstiucted and then lestarted again, and if lecoc eiy eras theielp aided 

We A\eie familial with the unsuccessful attempts of Bjoik 1 at inducing 
ie\ersible caidiac anest In local fieezmg of the heart and bv injections of 
acetAleholme Niazi and Lewis 2 demonstrated the abilitA of the lat lieait to 
suiYive piolonged penods of cardiac anest which occuned at tempeiatuies in 
the AicimtA of 5 0° C Senning* and Glenn and Sewell 4 induced ventnculai 
fibrillation in dogs while peifusing the bodi with an extiacorpoieal circuit 
Tliei demonstiated that piolonged penods of filnillation Aveie toleiated nuclei 
these conditions with simnal, and emphasized the advantage of the nonbeating 
heart m acoiduig entiance of an into the coionan arteries 

A method was de\eloped of suddenh stopping the iioimal heartbeat which 
was consistent and ie\eisible This consists of lapidh pei fusing the coionan 
SAStein with a 5 pei cent solution of potassium chlonde With the acciidmg 
aoita compiessed, 1 cc pei kilogiam ot bode weight is injected into the cavirt 
of the left a entncle Manunlh squeezing the a entiieles aids entrance of the 
solution nito the coionanes Usualh Aentnculai actmtA ceases m about 30 
seconds The still heart maA then be manipulated oi incised Following com 
pletion of the suigical pioceduie the heait iuoa be started again Iia simple mas¬ 
sage As the coionan eueulation is manualh lestored, the potassium chlonde 
is aa ashed out and diluted in the blood stieani The heart aa liich is flaccid at 
first lcgains its tone and then usualh goes thiough a phase of come filn illation 

From the Di\Jsion of Gent-ral Surpeo Hcnr\ Ford Hoffpltal Dt troit ‘Mich 
Supported bx a p rant from the INchfcnn Heart \KjroeIntIon 

Read nt the Thlrt\ fifth \nnual Meeting of The \mericnn \f“*oclatlon for Thoracic 
$urgerv at Atlantic CIt\ X J Vpril 2-1 to 2G 1955 
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(Fig 1) Cotmtershock leadily converts this to a legulai 1 In thm Calcium is 
not necessarj to neutralize the potassium chloiide for resuscitation purposes 
In fact, it proc es troublesome by making the fibrillation phase difficult to control 

A senes of acute expenments weie done to compare the ieco\en of heaits 
stopped during vena caval occlusion with that of hearts allowed to beat during 
the occlusion period The venae cavae weie occluded for penods of 10 and 12 
minutes in 20 dogs In one-half of the animals, the heart was stopped during 
the occlusion In each case, the chest was opened in the right fourth interspace 
under endotracheal ether-oYvgen anesthesia The azigos lein was ligated and 
the venae cavae occluded with snares In most animals an incision was made m 
the right atnum Aftei closure of the atnal incision and release of the caval 
snares, resuscitatn e measuies weie begun and continued foi as long as 20 
minutes, if necessaij These consisted of caidiac massage, countershock, and, 
m some animals, intia\entneular epinephime, 0 25 c c of a 1 1,000 solution 
At 30 minutes, following lelease of the caval snaies, the status of the heart was 
ecaluated by direct inspection and by lecoidings of the ventneulai and aitenal 
pressures 

Of the hearts allowed to beat during the occlusion, 9 of 10 had lentnculai 
fibullation when the caial snares were released Regulai rhvtlim was restored 
with countershock in all but one heait Aftei lestoration of regular rlnthm, 
injection of epinephime was needed in eierj case because of Inpotension This 
pioduced a use in blood pressuie which was onlj tempoian The aierage 
systolic blood pressure, 30 minutes after lelease of the caval snares, was 72 mm 
Hg The aierage time of onset of legular beats w r as 8 minutes 

Of the 10 arrested hearts, 9 weie restored to legidar llnthm The aieiage 
time ot onset of cooidmated beats following lelease of the caval snaies ivas 8 5 
minutes Epinephrine was needed m one-half of the cases Its effect was quite 
different from that in the othei group, howeiei, m that the blood pressure in 
crease was sustamed The aveiage sistobc blood piessuie at 30 minutes was 135 
mm Ilg (Fig 2) 

These expenments seemed to indicate that the stopped heait had a slighth 
bettei toleiance of cuculatory occlusion Because of the brain damage occui- 
nng with lengthy intenuption of the cnculation at noinial temperatuies, of 
cornse, no long-teim observations weie possible Thciefore, sumval eypen 
ments weie done using hvpotheimia to piotect the brain 

Doss undei ethei-o\igen anesthesia were cooled m ice watei At lectal 
tempeiatures of 26° C, the heait was stopped for from 10 to 20 minutes in a 
senes of dogs in which atnal and centncular septal defects were pioduced and 
lepaired Laige defects weie cut out of the mteratnal septum and were closed 
with pedicled flaps of the light atnal wall which were in turn icplaeed with 
pedicled pencardial flaps Veutncular septal defects weie made through m 
cisions in the right lentnculai wall and closed In appioximation of the edges 
of the defect with silk sutures The perfoimanee of these opeiations on a coni 
jileteh quiet and bloodless heait was lelatneli simple No difficult! was en¬ 
countered with an embolism of the coronarj aitones Of 14 dogs in which 
techmealh satisfactory piocedures were carried out, 12 sunned operation and 
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In oidei to compaie these lesults ultli those fiom otliei techniques, a con 
tiol senes of 30 dogs uas subjected to ciiculaton occlusion at 22° C foi 30 
minutes In 10 dogs the \ enae cavae it ei e occluded In 10, both the i enae cat ae 
and the aoita and pulmonan artei t iteie occluded In the otliei 30, the lennc 
caiae ueie occluded and the light ventnele then stimulated with an inductoinun 
cunent to induce ventnculai fibnllation The lesults of these evpenments aie 
compaied m Table I 


Table I Cibcueatobi Occlusiov 30 Minutes at 22° C 



NUMBER 

OF 

DOGS | 

IN TRACT 
ABLE FIBRIL 
RATION j 

RE WARMING 
DEATH | 

POSTOPERATIVE 

DEATH 

SURVIVORS | 

1 PER CENT 

Induced 

cardiac 

arrest 

20 

i 

2 

2 

(1 and 6 dajs) 

15 

75 

Induced 

fibrillation 

10 

i 

0 

3 

(36 hours) 

6 

GO 

Caval 

occlusion 

10 

0 

1 

2 

(24 hours) 

7 

70 

Cava] and 
outflow 
occlusion 

10 

0 

1 

3 

(1 and 7 days) 

6 

GO 


The suinval lates weie similai no matter uliat technique was used Foui 
dogs with caial occlusion and 6 with eaval and outflow occlusion dei eloped 
tentrieulai fibnllation All of these animals were defibrillated, although some 
lequired multiple countershocks In the lattei categon, 2 in each group died 
during the first tiventi-foui hours postoperatn eh with histologic evidence of 
thermal damage to the heart One dog m each gioup died dining lewainnng 
Of the animals m ithicli lentncular fibrillation uas mduced, only 1 had intracta 
ble fibnllation when the counteishoek uas used at the end of the 30 minute 
penod Tlnee animals m this gioup died dming the first 36 houi s postopeia 
tneh, all of which had multiple countershocks 

DISCUSSION 

It is astonishing at first to see the ease iwth uhicn the heait can be stopped 
and then staited again aftei piolonged airest The technique of potassium 
chloride injection is a modification of the eaih defibiillation method de\eloped 
hi Hooker 5 and AViggers 0 Restoiation of the noiinal beat seemed to be no moie 
difficult in those animals uliieh had ventnculai incisions, although no conti oiled 
studies i\ ere done to determine the soundness of this nnpicssion The smulanti 
in the lesults of the control expenments foi cnculaton occlusion of 30 minutes 
at 22° C uas someuhat smpnsing, particulaili in the gioup with induced 
fibrillation 

SU1I1IAR1 

The delibeiate pioduction of caidiac anest foi the pm pose of opening the 
heart surgicalli uas found to be possible with recoien The heart uas stopped 
uith the mjection of potassium ehlonde into the left icntncle Resumption of 
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OPEN LEFT HEART SURGERY IN DOGS DURING HYPOTHERMIC 
ASYSTOLE WITH AND WITHOUT EXTRACORPOREAL 
CIRCULATION 

Frank Gollan, M D (by invitation) , Reginald Phillips, Jr , 31D 
(by invitation), James T Grace, MD (by invitation), and 
Raymond M Jones (by iwitation) 

Nashville, Tenn 

A LTHOUGH the bodv tempeiatiue of dogs can be lapidh loveied to the 
teiminal degiee of about 16° C 1 and the animals successfully lesuscitated 
by unmersion in yyaim yy r ater, 2 this extienie condition cannot be fully utilized 
foi open intiacaidiac suigeiy 3 since the high moitality due to anoxia and yen- 
tuculai fibi illation piohibits anv human application Theiefoie, the most sat 
lsfactoiy clinical lesults haye been aehieyed at about 25° C yyntli a safe cessation 
of cn dilation of about 5 to 8 minutes 4 3 

Attempts liaye been made to loyvei the temnnal tempeiatiue of dogs by 
substituting a pump oxy genatoi for the function of the failing lieai t r 7 and 
although 1 dog suivived a body tempeiatiue of 12° C , all otliei animals died in 
shock of unknoyvn origin Bv cn culatmg, oxygenating, and lefiigeiating y enous 
blood m a gas dispeisiou pump-oxy genatoi , a it has been possible to aclneye sm 
rival of dogs after caidiac anest of one lioui’s duiation diunig Inpotheiinia of 
0° C 0 Thus, the use of such biomechanical equipment as a leseaich tool foi 
physiologic investigations has pioduced a condition yyliich does not have to be 
fully utilized for the shoit-teim applications of open intracaidiac singed 

In about 40 minutes of blood cooling, the tempeiatiue inside the light heait 
is loyveied to about 5° C, and in 15 minutes of bloodyyaiming, it is laised to 
27° C The differential hvpotheinua 10 betyveen the upper and the louei pait 
of the bodj leaches 20° C As the temperatiue inside the heait leaches about 
13° C, the last contraction is lecoidcd and the heait remains in hypothermic 
asystole as long as this Ion tempeiatiue is maintained On iey\aiming, the heait 
stalls to beat in normal rlivthm and at about 28° C the pump o\y genatoi can 
be turned off Such a piocediue lends itself in a most ady r antageous nay to 
piolonged intracardiac surgery undei duect yusion 11 since gieatei technical 
accuiaev is attainable if the motions of the lungs and of the heart are arrested 
B} the eannulatiou of peripheral blood yessels only, the surgical procedure is 
shortened and trauma to the gieat vessels in the chest is avoided At no time 
dm mg the experiment, does the nervous system, the heart, or the yuscera suffei 
from anoxia oi from carbon dioxide retention and therefore no time limit is set 

From the Research Laboratory The Radioisotope Lnlt, Thajer y r A Hospital and De 
partment of Surgery Vanderbilt Unl\erslt> School of Medicine Nash\llle Tenn 

Read at the Thlrta -fifth Annual Meeting of The American Association for Thoracic Sur 
pen- at AtlanUc Clt> X J April 24 to 26 1965 
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Selective rewaiming of the heart was attempted bx diatheiim, 20 In wann 
saline solution, and bv a heating element m the esophagus 21 

None of these proeeduies listed affected m anv wai the high mortahtx ot 
dogs after short cessation of the circulation during hvpotheimia below 20° C 
At present, the onli clue to a possible solution for this difficult!, though not 
elucidation of the problem, lies in the administration of cortisone After pre 
liminarv testing of various dosages in 12 dogs, the following schedule appears 
to be satisfactory The day before the experiment the annnals receive 100 mg 
cortisone acetate intramuscularly, 100 mg hydrocortisone intravenous!! befoie 
cooling, and 50 mg cortisone acetate intramuscularly at night and during the 
following thiee dajs Instead of water, the animals are gnen saline solution 
to drink 

The actual experimental procedure consists m a right thoiacotomv at the 
time the heart rate has slowed down to about 16 beats per minute at about 20° C 
When both caval and azygos vein are occluded, the temperature has drifted to 
14° C in the smaller animals and the heart is almost in standstill After release 
of the venous occlusion, hyperventilation with oxygen is started again, the bodi 
is rewarmed hr dly heat, and gentle massage of the heart is started to preient 
dilatation of the light heart at such low temperatures At first the femoral blood 
pressure does not have to exceed 20 to 30 mm Hg, but when the tempeiatuie 
has risen to about 21° C a highei blood pressure is desirable and at that time 
a remarkable increase in myocaidial tonus can be achieved In a slow intravenous 
drip of 20 mg of 1-Arterenol in 500 ml of a plasma expandei This unusualh 
high concentration is chosen in order to derive the benefit of 1-Aiteienol with 
out oierloading the circulation Even a compaiatiieli small increase m blood 
lolume at that stage will invariabli cause pulmonary edema When the heart 
late has reached at least 30 beats per minute at about 22° to 23° C the massage 
can be discontinued The slow drip of plasma expander and 1-Aiteienol is con 
tmued throughout the slow rewarming procedure which takes foui to the hours 
Above 32° C spontaneous lespiration becomes dependable enough to stop the 
respnator, but oxygen is administered tlnough the tiacheal tube until the am 
mal is awake 

In sexen consecutne expeimients (Table I), the cndilation was liiteimpted 
from 10 to 15 minutes at temperatures from IS 0 to 14° C The 2 dons with a 
15 minute infloiv occlusion did not wake up, the 2 animals with 12 minute 


Table I Vexous Inflow Stasis Dlrino Sfnere Hypothermia in 
Cortisone Treated Dogs 
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1 Ihffcrcntnl Inpothermt i of 0° ( can lie prodmed in eloirs it the venous 
return is emulated e>\\ ircnateel mid refrigerated in a small plastic pump 
owuiMtnr This umditnm provides a bloodless field for prolonged open mtra- 
nrdiK surci n u itliont the < omplie itions ol nno\n airendiolism or ventricular 
fibrillation 

2 lie pothermte nrdne irrest e in dso lie arhicved without cxtraeorporeal 
iinulition hi the prevention oi ventricular fihrill ition with epnrudme Pc 
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Discussion 

DR FLOYD J LEAYIS, Minneapolis, Mum —I should like to congratulate Dr Gollan 
on Ins unpressiv e use of a small heart lung machine to extend the range of hypothermia 
in these animals, but I particularly want to comment on his attempts to reach these loner 
temperature ranges without the small heart lung machine AVe are interested in the same 
problem As v ou will remember, he was able to achiere cardiac standstill in most of his 
animals cooled to temperatures below 12° or 10° C by giving them qumidine beforehand, 
and he encountered almost no ventricular fibrillation Mi associate, Dr Xiazi, has not 
been able to achieye standstill in such a high percentage of dogs but when he has achieied 
it most of them hai e recoiered, so I thought it would be worth while to mention the 
method that Dr Xiazi lias used in the laboratory There are n number of miolied experi 
ments and I will comment only on one type, in which dogs from 3 to 6 months of age, 
weighing around 20 pounds, were cooled while breathing 5 per cent carbon dioxide AA r hen 
the temperature got down to about 20° C, the carbon dioxide was stopped and thci then 
shifted from slight acidosis into alkalosis, and at a lower temperature 17 out of 38 went 
into cardiac standstill This was the end we were tmng to achieie Those 17 were all 
cooled belou 10° C Finally they were rewarmed and 13 of the 17 are longterm surnrors 
So there is nothing intrinsic in these low temperatures that will result in late shock, such 
as Dr Gollan found in his dogs that were cooled without the heart lung machine 


(The Surgical Forum papers trill be concluded t n the December issue ) 
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the smrkicvn association for thoracic surorry 

Notice of Annual Meeting 

Tlif> Tlirtv'ixth \nnuat Mr. ting of the \menc-an -\"ociation for Thoracic Surgerv 
nil 1* I M iv T 8 and a, innr, in Minim Tench, Florida Headquarters 'Mil l>e at the 
Hr d 1 c ntnim blmu 


Requests for Hotel Reservations 

T! ■' •!-.( \il 1 t« m uh'l ilnn iK to Mr ItoV. ah,ill Uina tor of a ih'~ Until hontaim 
I 1 on Mintni Hon Is, Florida I*ha' m ntton tin** A"ociation the tvpo of accommodation 
<’ irr] tie lit nnd npprotim it< hour of nrrivnl and departure If accommodation' are 
f ir 1 eh nhen in Miami IPmeli ph a' communicate directin' tilth the hotel of vour choice 


Thoracic Surgical Forum 

Tli T! on' ic '••tiTcicnl 1 on m will lie continued a« a special 'csoinn at the 10">fi jiuetm.' 
T! c I onua i* primanU for the pre i ntation of rliort papera on current thoracic retcarch 
c\; in nld prfhletn« anatomical 'tilin' nnd modified or nevt 'urcical technique' The in 
c! ir of ant cor tderalde amount of clinical material m the" riper!' mahea the choice more 
'if u 1 ’ nr 1 the Tro^ram Corrtritte. ri ertc< the npht to rej" t 'licit pn]>, r> or to 'URGC't 
t 1 1 ir tt*n fctral to tl V ^ular Trr„iam 

1 i* r> nt t* i mn will |» litmti ! to t u numit ~ in ludttiu tIn showing, of 1 mti rn 
i 1 o- it! r ill ' trat it < materml \t the di' retion of tin l*r» 'ldent, three minutes mat 
I- all a 1 a* *! c n ( ttni im di'< U"ion for each paper 

Ml Thu a ic '•it^ic il i on m p>]> r- w ill lie pnhli h si (neither in one i"Ue of the 
h t tt, Mai tiilci„t') "(ttwi t ord' vnthr it illu''ntion« If illu'tratcd an apprnpriali 
*-| rr of — ird« t m«t lie *u)itrartnl for each cut med 


Abstracts for Patters 
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It as planned to run the motion pictures in a smaller room at the same time as the 
scientific sessions If the films are well labeled, it will not be necessary for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Membership in the Assocation must be received by the Mem 
bership Committee not later than Dec 15, 1955, otherwise, the applications will be deferred 
for consideration until the 1957 meeting 

Applicants must be sponsored by three Active or Senior Members of the Association 
In addition to the signatures on the application form, the sponsors will forward a separate 
letter concerning the applicant directly to 

Dr O T Clagett 

Chairman of the Membership Committee 
Mayo Clime 
Rochester, Minn 

Sponsors are reminded that new letters of recommendation must be forwarded to the 
Membership Committee should their applicants bo held over for reconsideration a second 
jear 
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Blount, 7 and their associates, feel that this probably is of no significance 
since the patients get along y ell and the electrocardiographic right ventricular 
strain pattern decreases Also, Swan has observed dogs with insufficiency 
of the pulmonary valve for several years and no evidence of cardiovascular 
disturbance has developed 

Hufnagel 10 pioduced some degree of insufficiency of the pulmonary vahe 
in dogs by means of a technique to conect pulmonary stenosis During the 
fourteen-week observation period, no evidence of dilatation 01 hypertrophy 
of the light ventricle developed 
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Fjjr 1 —A PreopcratKe cardiac catheterization record of an 18->ear-old white man with 
Isolated pulmonary stenosis B Post\alvulotomy record made at surgery £ otc 
systolic pressure gradient across pulmonary \ahe and similarity between ba ana 
diastolic contours suggesting: regurgitation 


After relief of the obstruction by the transe entncular approach in tetral- 
ogv of Fallot, patients sometimes de\ elop right heart failure, presumable due 
to pulmonarv insufficiency if the obstruction is completelv zemoe cd 11 1 - In 
puie pulmonary stenosis, Brock 13 feels that the obstruction mne be relieeed 
too greatly, resulting in serious insufficiency of the e ah e He feels, too, that 
the effects of pulmonary insufficiency may be as serious as those of aortic 
insufficiency 
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In order to inquire furthtr into tIn'- problem the pulmonan tahes uere 
n nioM d tnun i s ( rn s m dosrs The annn th sunned with norm il actmh for 
month‘s Tiie most ‘-tribute abnormality tsido from nuirmurs t as n nelit 
Miitrinihr svstoht pressure that tactfdid the pulmonais irterr pressure hi 
J to -hi nun He This w is seen m d<»trs whose pulmoii in orifices were smooth 
<>f norm d size md lachine onh thee ah cs 

‘soiin ot tin does wire operated upon under Inpotheinu.i induced In 
limiursion m an in hath Whin the re 1 1 il t<mperatun reailud >1° C the 
dot's were pn pared for surcen l su dh the temperatures dropped t° to 
3" < turtlur so that <ltirimr surcere temperatmes were 26° to d^ 0 C H\ 
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Six dogs were operated upon undei noimotheinuc conditions The opera¬ 
tive procedure was the same except that occlusion of the circulation was 
limited to 2 minutes If excision of the vah e w as not completed in this time, 
the pulmonary artery defect was clamped and circulation re-established for 5 
or 10 minutes While the circulation was occluded for a second 2-mmute 
penod, removal of the valves was completed Five of the 6 dogs survived 
without developing ventucular fibrillation Autopsy of the dogs that died m 
each gioup levealed complete lemoval of the vahes with no obstruction of the 
pulmonary arteiy as a result of its repan 

Thus, 10 dogs suivived total pulmonaiy valvulectomy and have been oh 
seived fiom one to foniteen months The animals weie turned into a dog run 
abont two weeks postopeiatively and have led noimal lives All have done 
well clinically and none has presented evidence of heait failure The first 1 
dogs of the senes, undei observation foi eleven months oi longei, have gone 
through appaiently noimal pregnancies 

In all dogs, phonoeaidiograms confirmed the piesence of Giade III svstolic 
and Grades I to II diastolic murmuis We regard these murmius as hemic 
i athei than stenotic, because there vv as no anatomic stenosis The pi esumablv 
veiy large tidal ejection seems to cause a turbulence m the pulmonarv trunk 
that is responsible not only foi the mumnu but also foi the eneigy loss that 
is indicated by the piessuie diop seen when the catheter tip leaves the ven- 
tucle and enters the aiteiy 


Table I Summary of Hatv os Dogs With Pulmonary Insufficiency 


dog 

NUMBER 

PERIOD OF 
OBSER\ATION 
(MONTHS) 

P A. 

(MM HO) 

1 R ' , 
(MM HG) | 

CARDIAC INDEX* 
FIRST AND LAST 
catheterization j 

CARDIAC VOLUMESt 
FREOP AND LAST 

X RAV 

HP 3 

14 

19/5 

21/-3 

2 2-2 7 

542-463 

HP-4 

13% 

11/3 

23/1 

5 6-4.6 

403 - 359 

HP 5 

12% 

30/2 

70/3 

2 9-18 

440 - 310 

HP 8 

11 

17/5 

26/1 

4 3-3 8 

417-428 

HP 10 

1 

28/-2 

58/1 

4.0 


HP 1 

4 

15/-1 

20/-3 

4 3 

400-436 

HP 2 

4 

14/1 

33/2 

40 

455 - 533 

HP 3 

3% 

25/3 

33/4 

38 

458 - 342 

HP 5 

2% 

29/3 

37/3 

43 

365-623 

HP G 

2 V. 

21/1 

30/1 

4 5 

453-593 


•Liters per minute per square meter 
fCubic centimeters per 31 bodj surface 


Cardiac catheterization was done at "varying intervals aftei surgerv 
Some of the dogs have been cathetenzed thiee times while the more lecent 
ones have been cathetenzed only once (Table I) In all cases, the right ven- 
tnculai svstolic pressure was gieater than the pulmonaiy arteiw svstohc pres 
sme This giadient aveiaged 15 mm Hg foi the 10 dogs with a range of 2 
to 40 mm Hg One of these (HP-10) had a pulmonarv arterj svstohc pressure 
of 28 mm Hg and a right ventricular svstolic piessuie of 58 mm Hg This 
dog was sacrificed at one month and autopsy showed an unobstructed pulmo- 
narv oufiee The right ventricular wall was questionahlv thickened The 
othei dog with high light ventncular systolic piessuie (HP-5) was followed 
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for twelve and one-half months At five months aftei operation, catheteriza¬ 
tion revealed a right ventricular systolic pressure of 61 mm Hg and at ten 
months this pressure was 70 mm Hg Clinically the dog did well and pre¬ 
sented no evidence of disturbance m circulation when sacrificed twelve and 
one-half months after surgery Autopsy revealed no evidence of obstruction 
at the site of the pulmonary valves and the right ventricle was questionably 
hypertrophied (Fig 3, A and B) 

Pulmonary artery diastolic pressures were uniformly low, langing fiom 0 
to 5 mm Hg In no case was a normal diastolic pressure recoided The pul¬ 
monary artery and right ventricular pulse contours resembled each other 

Right ventricular end-diastolic pressures were normal m all cases 

Cardiac outputs by the Fick method were essentially noimal and no pai- 
ticular difference between the early and late cardiac indices was observed In 
one case (HP-5), catheterization ten months aftei valvulectomy revealed a low 
output (cardiac index = 18), but no particular significance was attached to it 
because the dog piesented no evidence of failure 

Measui ement of heai t volumes by x-ray, 14 as indicated m Table I, shov. ed 
a significant increase m only 2 dogs Both of them have been followed tv o 
and one-half months smce surgery One (NP-6) had a 30 pei cent mciease 
and the other (NP-5), a 70 per cent increase m heart volume Both of them 
aie doing well 

Eleetrocardiogiams likewise weie made pieoperatively and at fiequent 
intervals postoperatively In no case was any evidence of right ventnculni 
strain or hypertrophy present even though the 2 dogs autopsied showed sug¬ 
gestive hypertrophy 

DISCUSSION 

The demonstration of a pressure gradient acioss the pulmonary orifice 
would ordinarily suggest a stenosis m this legion Autopsy of the two dogs 
which showed the largest RV-PA pressure gradient showed, howevei, that no 
such obstruction existed The pressure drop must be explained as a lesult of 
something other than a stenosis Kohout and Katz 15 lecently repoited a pa¬ 
tient with pulmonary valvular insufficiency diagnosed by cardiac catheteiiza- 
tion Likewise, as m oui dogs, the diastolic pressures m the pulmonary aiterv 
and right ventricle were similai and a systolic gradient v r as recoided acioss 
the valve area 

The amount of blood ejected duimg systole must be abnoimally laige 
because it includes the legurgitated blood as well as that coming through the 
tricuspid valve Velocity of flow through the pulmonary aiteij vould theie 
fore be very great and, as indicated by the stiong systolic murmur, the flou 
must be tuibulent The acceleration of the column of blood in the pulmonaiv 
aiteiw to an miusuallv high velocity with its cieation of tuilnilence in the 
stream may account foi the pressure di op ei en in the absence of a demon¬ 
strable stenosis 

In a clinical study of atrial septal defects, Blount and co-vorkers 15 demon 
strated a svstohc pressuie gradient acioss the pulmonaiy vahe Jle attributed 
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Discussion 

DB FRANK GERBODE, San Francisco, Calif —We have been interested in pulmonic 
stenosis because we have found a number of adults vvho have a very high right ventricular 
pressure nnd a very tight nnd hard valve This valve can be cut and dilated in the wa.v 
described by Brock nnd others, but the pressures do not always fall becauso the valvo 
lacks elasticity Some are almost cartilaginous in nnturo, nnd I belicvo they bccomo that 
wav because of the flow and turbulence caused bj the stenosis itself In other instances, 
the valve becomes more stenotic and hard because of fibrosis resulting from endocarditis 
Obviously, some other means, ns has been pointed out by Swan, mu«t be called upon to cut 
these valves Wo have done so m a number of these unusual instances by simplj biting out 
a piece of vnlve with a small Brock punch valvulotome, it being necessary to do this in order 
to olitnin a reduction in ventricular pressure 

Tlieso findings led to a studv of pulmonic insufficiency in the laboratory V e have 10 
animals under observation who have had total remov'd of the pulmonary valves We too have 
found that pulmonary insufficiencv is a relatively benign lesion in a normal animal These 
nuimnls run around the laboratory act quite normnllv, nnd do not seem to get heart failure 
However vve must, I believe, reserve our opinion on this matter of total excision of the 
pulmonic vnlve until we have made observations under stress and over a longer period of 




EXPERIMENTAL TRANSPOSITION OF THE GREAT VESSELS SOME 
FACTORS WHICH INCREASE THE FLOW THROUGH THE 
ATRIAL SEPTAL DEFECT 

Sanford E Leeds, M D , Morris M Culiner, MD (by invitation), and 
Sherman H Strauss, M D (by invitation) 

San Francisco, Calif 

A PARTIAL transposition was created in dogs by the following 3 procedures 
(1) an artificial interatrial septal defect, (2) an anastomosis between the 
distal cut end of the right superior pulmonary vein and the proximal end of 
the azygos vein and, (3) an end-to end anastomosis between the brachiocephalic 
artery and right pulmonary artery (Fig 1) The purpose of this paper is to 
describe methods and results of increasing the right-to-left shunt through the 
atrial septal defect The preparation just described is called the Type I since 
we have also created experimental transposition in another manner A complete 
report on the Type I and Type II preparations will be presented m a sepaiate 
communication 

METHODS AND RESULTS 

Adult mongrel dogs were used They were anesthetized with sodium pento 
baibital given intravenously Mean blood pressures were determined by insert¬ 
ing a needle winch was connected to a mercury manometer into the femoral 
artery During the catheterization of the heart, the blood pressure was recoided 
using strain gauges with a 2 channel Sanborn Visocardiette Later studies were 
made with an optical recording oscillograph The blood oxygen deteiminations 
were made with the Van Slyke-Neill apparatus 

The Type I Preparation —After the right chest was opened through the 
bed of the fourth or fifth rib, an interatrial septal defect was made by the method 
of Swan and co-workers 8 in 12 of the 14 dogs included m this report The 
divided distal end of the right supenor pulmonary vein was anastomosed to the 
proximal end of the azygos vein The proximal end of the pulmonary vem was 
closed by suture, the distal end of the azygos vem was ligated The proximal 
end of the divided brachiocephalic (innominate) artery was then sutured end- 
to-end to the right pulmonary artery creating an artificial ductus arteriosus 
The proximal end of the right pulmonary artery was ligated By this anange 
ment, pulmonary vem blood from the right apical and cardiac lobes is diverted 
into the right auricle i la the azygos vem and superior vena cava There is an 
mcrease m flow m the right superior and mferioi pulmonary veins due to the 
connection of the right pulmonary artery to the aorta via the brachiocephalic 

From the Harold Brunn Institute for Cardiovascular Research Mount Zion Hospital San 
Francisco 15 Calif 

Aided by a grant from the U S Public Health Service 

Read at the Tlilrtj fifth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at AtlanUc City N J April 24 to 2G 1955 
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Ml 12 ot tlir nmnnls with the Tape I prepint ion became ca niotie The 
r 'rt(riil oxacen saturation aaas measured in 0 (loir- while hrenthimr air without 
, ncs,he>n The a\ erase of 10 determinations was 70") per icnt {mitre >7 to 
per ef nt) 

Three methods were used in the Tape I propar itioms to mereas C the rieht- 
ti.lnt shunt through the itrnl septal defeet The first 2 methods were studied 
in m up experiments the last was oh'oraed m chrome experiments Tlie-'C were 
ill left pneumoneitout' (21 temporira oeelusion of the left pulmon.an niton 
and (1) < \< ismn of a lolte of the left hum 

Tin decree ot caanosis as measured in the arterial ox\*ien saturation is used 
w a nnmh (-stimate of the \olume of the rmlit to loll shunt l’ulmonara haper 
tension eonsistontH doaelnpod m the does winch were maintained up to two 
aears lmwcarr presentation of those results will larsola he eleterred m order 
to simplm this presentation 

1 lift /'nnnnoiKff'lmu (/jpmmoifnf /’tdmonein; .tfrcsinj—The efteets 
ot feit pmnmeiiKitome wore of interest since Imition ot the lott pulmonnn 
arte r\ pre tents am output trom the rmht heirt except through tiic mtoraurnu 
hr s ( j,ml detect In 4 nmnnls prepared with the Tape I operation pneu 
tueuie e toina aa is performed Taao of these does lmd .in interatrial septal eh tee t 
md ‘2 ehel not Tin 2 animals with an int iet atrnl septum promptla ditelopcd 
icntrie-nlir fihrill ition aahen the left pulmonara artera w is e 1 imped The 2 
annuals with an inter itrnl «omnium* itmn In eel tor taao and one halt md six 
hours after le ft pm uuione < toma At nitopsa the rieht lime aaas eonei'steMl and 
’he hromiu mil trachi i unit lined white fo mi It taill he shown later that 
tier, is ate ttmuedi itc 1 dl m the irtenvl iwapen content which must he a fae 
’’ ” "i tlo 'h ath ot the inimah ltmht ae utricular fnlure is another f u tor 
When the rmht ami le ft pttlmon irx arteries ire e oniple t( h excluded tin itrnl 
Opt d lie net permits some e mpta me e>i the rielit aentnele The suraiail lor 
mum1 hours oi these 2 dims is thus I Xpl lined It an intcrte ntru ular s, pt d 
el'.eetw is til tele one Would itllle ip lt« tint hmu r s\tr\ IMll V e«|M ho possible 
'Ilns e-omlUmn rori< sponds t.. th it s,, n , hnieallt s pidnionern/ nlrr-ur 
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Dog 305 had a left inferior lobectomy, and Dog 302 had an intact left lung 
It was demonstiated in the experiments just described, m a\ Inch pneumonect¬ 
omy was performed, that occlusion of the left pulmonary aitery, pulmonary 
a eins, and bronchus may be tolerated for sei'eral hours if an interatrial septal 
defect is present Artenal blood samples were draivn fiom the femoral artery 
in Dog 300 and from the aorta in the remainder 

A fall m the arterial oxygen saturation foUoived occlusion of the left pul 
monary artery in all the animals Piesumably this is produced by an immedi¬ 
ate increase (within 55 seconds) in the ught-to-left shunt through the atrial 
septal defect The greatest reduction occuired m Dog 305 lvhich had the 
larger inferior lobe resected (24 per cent of lung tissue compared to the upper 
lobe Avhich constitutes 16 per cent 5 ) 

Evidence that the fall m aitenal oxygen content was not due to a geneial 
detenoration of the condition of the animal but to an increase in the nght-to- 
left shunt through the patent atnal septum is denved fiom measurements 
of the systemic blood pressure before, duung, and after the left pulmonary 
artery was occluded (Table II) A rise m blood pressuie i\as noted m the 2 


Table II Effect on Arterial Blood Pressure of Temporary Occlusion of the Left 
Pulmonary Artery in Animals With the Tate I Preparation 


dog 302 (2/4/53) pentobarbital anes 
thesia, open chest 100% 0, 

POSITIVE PRESSURE 

DO<J 300 (2/6/53) LOCAL ANESTHESIA, 
closed chest breathing AIR 

TIME 

I MEAN BP AORTA 

TIME 

' BP femoral arter\ 

(MINUTES) 

[ (MM Hg) 

(MINUTES) : 

(MM Hg) 

Control 

s 64 

Control 1 

1 S 0/80 

0 

LPA clamped 


LPA occluded 

% 

64 


120/80 

m 

80 


105/80 

2 

100 


135/80 

4 

LPA released 


LPA released 

4 

120 


115/85 

6 

120 


110/85 

7 

102 


LPA reoccluded 

9 

100 


160/85 




LPA released 




150/90 


animals in Aihicli these studies A\eie made One was under sodium pento 
barbital anesthesia, Awth 100 per cent oxygen admimsteied through an endo- 
tiacheal tube ivith open thoiacotomy, the other expenment was undei local 
anesthesia with a closed chest, the animal bieathmg air An eaily increase m 
the systemic blood piessuie could be explained by the acute effect of anoxia 
pioducing vasoconstuction Eientually right ventucular failure, due to in¬ 
ability to empty adequately, Avould result m a fall in caidiac output and blood 
piessuie This factoi as ould then contilbute to the hypoxemia Left a entrieu- 
lar failuie might also occur late but would not account for the rapid fall m 
aitenal oxA’genation It is doubtful whether the sistemic blood pressure 
would baie remained noimal had the expenments continued for seieral hours 
3 Lobectomy —In 6 animals, a lobeetomj of the left lung was performed 
The inferior lobe (larger) was resected in 2 and the superior lobe in 4 animals 









I ni>' IT VT 


IMI^Ml STM n VN-J ri'lTlOS OF GFF-.VT VTJS?FUs 


G4T 


TJ.-v. pr.-Nluro «in w.ll .obrdcel The arterial owgcn saturation uas de- 
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They found that the creation of a huge atrial septal defect, together Math an 
anastomosis between the subclavian and pulmonary arteries, vas followed by 
the greatest impiovement m their patients They also noted m their series 
that a patient who happened to have a mild pulmonic stenosis and therefore 
theoretically a greater 1 lght-to-left shunt as well as transposition of the great 
1 essels had the most striking improvement 


SUMMARY 

1 Partial transposition of the great vessels has been created by end-to end 
anastomosis between the light superior pulmonary vein and the azygos vein 
and between the brachiocephalic artery and light pulmonary artery In ad¬ 
dition, an atrial septal defect is created 

2 The right-to-left shunt was increased m this preparation bj three 
methods (1) left pneumonectomy (corresponds to experimental pulmonary 
atresia), (2) temporary occlusion of the left pulmonaiy artery (conesponds 
to Abbott’s “cyanosis tardive”), and (3) excision of a lobe of the left lung 
(corresponds to pulmonaiy destruction and coi pulmonale) 
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The result of these observations made during the use of controlled cross 
eiiculation in the clinical operatmg room uas the realization that, especially m 
the infants and small children, the total amount of blood exchanged during the 
pei fusion period was relatively small and conceivably could be provided by a 
reservoir instead of a donoi This suggested further investigation of a resen oil 
method of pei fusion that we had emploved to a limited extent m the laboratory 
some 12 to 14 months before By the use of this method m conjunction with the 
concept of reduced flow and the mechanical principles of controlled cross circula¬ 
tion (which insured a quantitative balance between the aitenal perfusion and 
the venous withdiawal from the recipient) it was possible to occlude the cardiac 
inflow and piovide ample opportunity to operate v itlnn the chambers of a dry 
heart and at the same time to simplify the procedure 

METHOD 

The airangement of the extracorporeal cncuits is expressed diagi ammaticalh 
m Fig 1 In general, the setup is similar to that employed m the controlled 
cross circulation technique 1 with the exception that the donor is replaced by an 
arterial (A, 1 and 2) and a venous (V, 2 and 3) reseivoir These aie merely 
siliconized Baxter Plasma Vac bottles (500 cc or 1,000 cc ) from which the 
vacuum has been exhausted Bottles A, 1 and 2 contain arterial blood that has 
been collected previously m the manner described below V, 2 and 3 are empty 
at the outset and are piovided to collect the venous blood withdrawn from the 
patient duung the perfusion 

It will be noted that the cannulations in the patient and tlieir attachments 
to the pumping device are identical until those alieady described for use in con- 
ti oiled ci oss circulation These may be seen m the diagram of the heart where 
it will be noted that a cannula has been inserted into and passed down the right 
subclavian artery until the tip lies m the ascending aorta It is thiough this 
cannula that artenal blood from the resenoir enters the patient’s artenal system 
Also, it will be noted that a Rumel tourniquet has been placed about the base 
of the aorta in ordei to provide a means for intermittent occlusion if the aortic 
valves are found incompetent when the heart is open. In addition, in this 
same diagram, it will be noted that cannulae have been passed through the right 
auricular wall and mto the superior and inferior venae eavae, respectively 
These are secured by puise-stnng sutures at their points of entrance into the 
auricle and aie joined at their distal ends to a “Y” adaptor During the period 
of cardiac by-pass, when the umbilical tapes about the superior and inferior 
venae cavae are drawn up about their lespective cannulae, venous blood will be 
channeled from the patient’s eaval system mto these cannulae and none will 
enter the heart 

The extracorporeal circuits are assembled by first attaching two bottles of 
arteiml blood to an oidmarv blood filter* (A, 3) and allowing blood to fill the 
filter chamber while the latter is held m the inverted position so that all air 
will be displaced The outflow of the filter is then attached to the afferent 
plastic tube of the artenal pump (A, 4) The pump is then turned on momen¬ 
tarily so that the entire artenal circuit is filled with blood When this is done and 
the venous circuit is assembled as diagrammed, the appropnate connections can 
he made to the patient’s cannulae and perfusion begun In practice, the artenal 
pump draws blood from only one bottle at a time When the first bottle is 
nearly empty, as, for instance, A, 2 in the diagi am, its outflow is clamped, that 
of A~, 1 is released and perfusion goes on uninterrupted while A, 2 is being re 
placed by a full bottle of artenal blood This procedure is repeated until the 


•Baxter Laboratories Morton Gro\e Illinois Filter R-19 
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pump is stopped Similarh, on the \enous side wlim 1* 2 is full the \enous 
outflow iron! the pump is duerted into V 3 while V 2 is replaced b\ another 
cmpti bottle 

The output of eaeh pump is preset at equal rates btiore the pump is 
brought to the operating: room It is desnable to check this calibration lust 
prior to the omi t ot pot fusion This is done under stuilc conditions using a 
') permit glucose solution m order to aaoid the waste of blood 
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by the citric acid and the toxicity of citrated blood on the myocardium At the 
outset, we adopted the amount of heparin frequently used for exchange trans 
fusions which ranged between 50 and 75 mg per 500 c c of blood This amount 
was quite satisfactory with respect to the preservation of the blood, hut it pro 
duced abnormal postoperatne hemoirhage m all of the animals 4 Bi further 
study, the optimum amount of heparm to pieient m vitro clotting v lthout ab¬ 
normal postoperative liemonhage m the animal was found to be 15 to 17 mg 
pei 500 c c of blood, with marginal hmits at 12 5 and 20 mg In older to en¬ 
hance mixing, this amount of heparin was added to 50 c c of 5 per cent glucose 
solution and was instilled in each 500 c c siliconized bottle after removal of the 
vacuum This amount provided adequate protection against clotting with rela¬ 
tively good preservation of the cellular components over a fairly long period of 
time and under varying conditions 

Ordinarily, tho artenal blood utilized for the perfusions has been collected 
within 2 to 4 hours of the time it w as used During this intervening period, it has 
been kept m a water bath at 38° C to obviate the previously described deleterious 
effects on the heart of perfusion with cold blood 3 However, it would seem rea¬ 
sonable to anticipate that storage for a prolonged period might be desired In 
this event, the comparison of the depreciation noted when blood was maintained 
at room temperature (Table I) to that which occurred when stored at 4° C 
(Table II) indicated that refrigeration was preferable for longer periods of 
storage Inspection of these data revealed a rapid deterioration of the pH 
and oxygen content m the blood at room tempeiature over a few hours whereas 
the cold blood was stable, particularly with reference to the pH, for a much 
longer time The platelets on the other hand tended to show a steady decline 
regardless of the mode of storage The apparent inconsistency of the last 
count in Table II can be ascribed only to the wide margin of error inherent m 
platelet counts 


Table I Arterial Blood (Human) Collected in Heparin* and Stored at Room 

Temperature 




0 

CO 



STORAGE TIME 

pH 

(VOL. %) 

(VOL %) 

HEMOGLOBIN 

PLATELETS 

nnn 


1 hour 

2 hours 

3 hours 

4 hours 

5 hours 


7 51 
7 49 
7 4S 
7 41 
7 35 


*16 mg heparin In 50 


18 00 
17 21 
16 6 
16 0 
16 88 


43 98 

44 46 
43 10 
42 02 
42 67 


12 0 








410,000 

382,000 

298,000 

320,000 

344,000 


Table H. Arterial Blood (Human) Collected in Heparin* and Stored at 4° C 

Temperature 


STORAGE TIME 

pH 

0 

(VOL- %) 

CO 

(VOL- %) 

HEMOGLOBIN 

MEAN 

platelets 

COUNT 


7 52 

20 12 


14 2 

36S,000 


7 46 

20 67 

48 67 

14 5 

102,000 


7 40 

20 27 

4S 25 

14 4 

63,000 


7 2S 

20 45 

47 36 

14 1 

65,000 

6 da vs 

7 17 

20 15 

46 50 

15 

125 000 


*20 mg heparin In 25 c-c. 5 per cent glucose per 500 c-c. blood 
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The mechanism by which this artenalization of venous blood occurs is the 
result of a local mcrease m rate of circulation 10 and the opening up of multiple 
small arteriovenous anastomoses m response to the increased temperature of the 
extremity 11 12 Furthermoie, the value of these phvsiologic observations was 
increased when through experimentation it became eudent that by continued 
heating of the arm the resultant aitenal chaiacter of the venous blood could 
be mamtamed for protracted periods By adapting these observations to our 
needs, a simple method of obtaining large -volumes of artenalized blood evolved 
as follows The arm of the prospective donor was immersed m a water bath at 
45° C for 15 to 20 minutes To facilitate collection he was then asked to re 
cline on a cot and the water bath was replaced by hot packs maintained at ap¬ 
proximately 45° C m order to maintain the local hyperthermia during the 
collection Then, by means of a simple venepuncture m the antecubital fossa, 
500 c c of artenalized venous blood was collected by gravity from each donor 
m the fashion previously described 

The volume of blood collected m pieparation foi a given operation was 
determined by the flow late desired, the size of the patient, and the estimated 
length of peifusion needed In the clinical case described below approxi¬ 
mately 4,000 c c of artenalized venous blood vv as drawn m the above fashion 

CASE REPORT 

L O, U H No 880904, a 6 month old male infant, entered the hospital on March 8, 
1955 His parents stated he was well until the age of 3 months when his weight gnin fell 
off and a heart murmur was heard on physical examination. In nddition he had a history 
of frequent respiratory infections and djspnea during the interval between 3 and 6 months 
of age 

Physical Examination .—There was a definite systolic thrill palpable over the precordium, 
being most noticeable m the left third and fourth interspaces, and a Grade IV harsh sjstolic 
murmur was also best heard m this area The pulmonic second sound was greater than the 
aortic second sound The liver margin was palpable 3 cm. below the right costal margin A 
right cardiomegaly and increased pulmonary vascular markings were noted on x ray examination 
of the chest Cardiac catheterization revealed a jump m the blood oxygen saturation of 
22 per cent between the right atrium (G2 per cent) and the right ventricle (84 per cent) 
and a pressure of 45/0 mm. Hg m the outflow tract of the right ventricle These findings 
indicated an interventricular septal defect 

On March 29, 1955, the patient was operated upon and a high interventricular septal 
defect, approximately 1 cm in diameter, was found and closed under direct vision by using 
the multiple interrupted suture technique is During the 14 minutes and 45 seconds of total 
cardiac bj pass necessary to close this defect, the patient (weight 4 8 kilograms) was per 
fused at a rate of 150 c.c per minute (31 c c /kg /min.) by means of the described reservoir 
method Artenabzed venous blood for the arterial reservoir had been drawn a few hours 
preoperativelv m the blood bank from 8 compatible donors whose arms had been heated to 
45° C for 15 minutes prior to collection A total of 3,950 c.c was drawn in this fashion 
and available for perfusion, however, only 2,225 c c. were needed His postoperative Inborn 
torv studies revealed a platelet count of 189,000 and normal bleeding and clotting times 
with a hemoglobin of 13 4 Gm The loss from the chest catheters yielded only 110 c c. o 
serosangumeous fluid during the first 48 hours Postoperatively, the patient’s convalescence 
was smooth and uneventful The cardiac murmur and thrill have disappeared 
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To date, tins method of reservoir perfusion for total bypass of the heart and lungs 
for as long as forty five minutes has been utilized successfully in 5 patients with i anous 
types of intracardiac defects 

The patient herein reported vas seen recent]} in the Outpatient Department on Oct 
10, 1955 He had gained 7 pounds 10 ounces over his preoperatne weight, was active with 
out limitation, has been free of intercurrent illness, and was del eloping normalh in marked 
contrast to his preoperative status On phi sical examination no thrills or murmurs were 
present and on x raj examination of the chest a regression of the pulmonary vascular pat 
tern to normal limits was evident 
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Discussion 

DR RAYMOND C READ, Minneapolis, Minn—I should like briefly to supplement 
Dr Warden’s presentation bv desenbing the chemical cliaractcnstics of artenabzed venous 
blood taken from the antecubital vein following warming of the hand and forearm 

(slide) These arc samples drawn from individual donors whose blood was used in a 
human case One can sec that the oxygenation, CO, concentration, and pH arc essentially 
the same as found in the artery The blood was drawn after immersing the donor's arm 
in water at 45° C for 10 minutes 




THE AETERIALIZATION OF BLOOD AS IT APPLIES TO THE 
MECHANICAL HEART-LUNG APPARATUS 

F D Dodrill, MD , Alfred Lui, M D , (by invitation), Jan Nyboer, MD 
(by imitation ), E V Rippingille (by invitation), and 
C H Hughes, B S (Med Biol ) (by invitation) 

Detroit, Mich 

T HERE is a very great need for a method of arteilalization of the blood as 
it is passed through a pumping device so that the total venous return fi om 
the heart can be diverted through such an appaiatus and returned to the 
arterial system as good artenalized blood Theie are two principal methods 
by which this can be accomplished The blood can be spiead out as a thin 
sheet of red cells which aie exposed to oxygen and Avhich also alloi\s the 
escape of the carbon dioxide This involves a laige eioss sectional aiea and 
m older to fill such a dence large quantities of blood are required With the 
use of such an appaiatus, the total blood volume in smallei animals and m 
patients is completely 1 emoved as donoi blood replaces it The othei way hi 
■which the blood may be aiteiialized is by the gaseous dispelsion of oxygen 
thiough the blood This bungs a huge numbei of small oxygen bubbles 
tlnough the blood so that instead of spreading out the blood m a large film, 
the oxygen is spiead out ovei a laige suiface area The foimer method has 
been extensively investigated by Gibbon and his associates 1 The lattei method 
has been extensively im r estigated by Clark, Gollan, Gupta, 2 and otheis The 
latter investigators used poreelam plates and bactenologic filters It is the 
purpose of this manusciipt to leport a diffeient type of dispersion artei inli 
zation 

THE ARTEKLALIZER 

Oxjgen is passed upward through a stainless steel plate which is peifo 
lated with numerous tiny holes of 10 microns m diameter, Fig 1 The com¬ 
pletely assembled appaiatus is diagrammatically lllustiated in Fig 2 Oxygen, 
a\ Inch enters at A, is provided at a given pressiuc below the plate, C, which 
is placed transversely The tiny oxjgen bubbles emeige from the top of the 
plate and are brought m contact with the blood Blood enters the bottom of the 
apparatus, B, where it pioduces a swirling motion thioughout the annular sur¬ 
face of the chamber Duung this swirling motion, the blood and the tiny bub¬ 
bles are brought m close approximation The metallic ca linder, D, is simply a 
Aaiiable space-occupvmg piece of metal which foices the blood and oxygen to 
pass up the annular surface, E As the blood and oxjgen mixtiue leaches the 
lei el F, aunulai peifoiations are present at this point wheieln the blood enters 
the coalcscent chamber, G Ileie it is m contact Avith oigano pohsiloxane which 
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the lungs are situated between the right and left heait The right side of the 
pump removes the blood from the venae cavae, pumps it through the artenah 
zer and the left side of the mechanical heart picks up the artenahzed blood 
and leturns it to the arterial system Figs 3A and 3B illustrate the total ap¬ 
paratus consisting of the two sides of the pump together with the aitenalizei 
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cndilation so that aitenalization m excess of 100 pei cent satin ntion is com¬ 
mon We believe that minute bubbles of oxygen aie not piesent in the blood 
as it escapes from the aitenalizei In the event that fiee bubbles could be 
piesent, howeiei, theie is adequate pioiision foi them to escape ns the blood 
passes thiough the left side of the mechanical heait and tlnough the flowmetei 
and bubble trap It can be seen fiom the giaph on the oxygen satin ation that 
out of appioximately 30 deteimmations m 10 expemnents, piactically all are 
of satisfactory satui ations 



Carbon Dioxide Content —With the use of 98 per cent oxygen and 2 per 
caibon dioxide, excess caibon dioxide is not lemoied as it passes thiough the 
aiteuahrei so that the artei lalized blood contains essential!! noimal caibon 
dioxide Fig 5 lllustiates the nitenal caibon dioxide in lolumes percentages 
during 30 minutes of total by-pass It can leadily be seen that of appioxi 
mateli 30 detemanations only a feu can be legalded as ibnoimal 

pH Determinations —Fig G illustrates a seattei graph in which 10 expen 
ments arc cained out during which time appioximateh 30 detennmations of 
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the pH are made at approximately 5 minutes, 10 to 15 minutes, and at 30 min¬ 
utes’ duration A glance at the graph shows that foi a 30-mmute penod of 
complete by-pass the pH lemmns within noimal limits It is intei esting to 
note that the pH of the blood of the dog, aftei it has been anesthetized, the 
chest has been opened, and it is on forced lespiration, shows a tremendous 
vanation We usually find at this time that the pH may be gieatly elevated 
to 7 6 or 7 8 but that immediately aftei it passes through the appaiatus it has 
been 1 educed to a normal level and remains essentially so thioughout the 30 
minutes of complete by-pass Many factois are involved m the pH of the 
blood aside from the actual process of passing it through the aitenalizer 
Such thmgs as hemoirhage, transfusion, and the arterial pressuie me factois 
causing variations Prolonged pumping of blood leads eventually to the de 
straction of blood elements The first constituent to be affected are the plate¬ 
lets Following 30 minutes of pumping, there is some diminution m platelets, 
which may be as high as 50 per cent We have also found that the eosinophils 
disappeai early m the pumping penod Fragility tests and total blood counts 
hate not been appieciably changed Fiee hemoglobin for a 30-minute by-pass 
is usually not m excess of 100 to 150 mg per cent 

Given artenalized blood of normal oxygen content, of normal carbon 
dioxide content, and the acidity adjusted to a normal pH, the peifusion of 
such blood mto the artenal system in such a way as to piovide an adequate 
arterial pressure provides an excellent chance for the opening of the heait 
and the peifoimance of mtracardiac piocedures We believe that not enough 
stiess has been placed upon the arterial piessuie We like to maintain an 
aitenal pressure of 110 to 120 mm of Hg and, if one can do so using good 
artenalized blood, it seems unlikely that much serious haim could come to the 
body, especially dunng a short penod of total by-pass Oui expenments aie 
only for a 30-minute by-pass We believe this time is sufficient for most mtra- 
cauliac piocedures undei vision We have been able to do a total by-pass m 
the dog with the right ventncle open for 30 minutes with a lecovery late of 
75 per cent 

SUMMARY 

A means of arterializing the blood doing a total by-pass is presented The 
basic principle is the passing of oxygen and carbon dioxide through a metallic 
plate with holes of 10 micions in diameter This produces tinv bubbles which 
come in contact with the tenous blood by a swirling action Instead of using 
100 pei cent oxygen, y\ Inch removes excess caibon dioxide, ve use 98 per cent 
oxygen and 2 pei cent caibon dioxide The addition of 2 pci cent caibon 
dioxide to the oxygen keeps the carbon dioxide at essentially a noimal le\el, and, 
thciefore, the pH is not excessnelj altered 
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gas flow metei® was placed m the expiratory tubing This metei has a flow rate 
capacity of 2 4 to 70 L per minute with a lesistauce of less than 0 5 cm of 
water at the higher flow rate 

Artenal blood samples ueie obtained through a Coumand needle m the 
radial oi biachial arteii Specimens weie collected m oiled svnnges containing 
a small quantity of liepann and a diop of meieuij to aid in mixing the blood 



Fig 1 3 —'Photograph of the ventilator emplo\ed The respirator} tubing is attached to 
place of the rebreathing bag which Is reattached to the 'ventilator 
(left of photograph) A switch at the top of the \entilator permits 
unassisted or mnnuallv assisted ventilation with the bag outside 
intermittent positive and negative ventilation with the bag Inside 
the cj Under The latter bag is alternated compressed and expanded by the action of the 
bellows beneath the cylinder 

Dcteimunitions ot pH weic made piompth aftei the withdinwal of the blood, 
using a Camlnidge glass electiode pH metei calibrated with standaid buffci 
solution bcfoic each dctcinunation Duplicate dcteimmations wcic made on 
each specimen and checks to 0 02 pH unit weic loquued Tlic caibon dioxide 
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graphs, the recoided pulmonary ventilation is that which w as actually measured 
The figuies have not been corrected for temperatuie and pressure, nor have the} 
been related to the body surface area The figures for pulmonary ventilation, 
therefore, may be compared ivith one anothei in the same patient, but are not 
comparable with the measuied ventilation of other patients with different sur¬ 
face areas With a constant inflation—deflation pressure difference and avoid¬ 
ance of collapse or overexpansion of the lung, the best -ventilation was obtained 
when inflation and deflation weie of equal duration (Table I) However, ade 
quate pulmonary ventilation could be piovided with an inflation to deflation 
time ratio of 2 1 (Cases 4 [b], 19, and 20), but it was difficult to provide ade 
quate ventilation during an open thoracotomy with a time ratio of 1 2 (Cases 
18, 19 and 20) 

Table II lists measuiements of pulmonary ventilation with different pressure 
spans during a constant time ratio of inflation to deflation Nine patients -were 
studied In each case the pulmonary ventilation varied directly with the differ¬ 
ence m pressure between inflation and deflation provided the lung was neithei 
overexpanded nor collapsed 


Table n 



RELATIVE 

DURATION 

INFLATION 

DEFLATION 

PRES 

INFLATION 

cm H 0 

SURE 

DEFLATION 
cm H O 

PRESSURE 
DIFFERENCE 
cm HjO 

VENTILATION 

L./MIN 

3 

2 1 

+8 

—8 

16 

11 9 



+14 

-8 

22 

15 0 



+16 

-10 

26 

16 8 

4(a) 

2 1 

+10 

-5 

15 

10 6 


+10 

-8 

18 

12 9 



+10 

-10 

20 

13 7 



+15 

-10 

25 

15 8 

5 

2 1 

+10 

-10 

20 

11 7 



+15 

-10 

25 

16 2 

6 

2 1 

+15 

-0 

21 

12 6 



+15 

-8 

23 

13 9 



+15 

-10 

25 

14 3 



+17 

-8 

25 

14 4 

9 

1 1 

+17 

-7 

24 

20 0 



+19 

-5 

24 

21 0 



+19 

—7 

26 

24 0 

11 

1 1 

+1S 

-5 

23 

16 5 



+18 

-10 

28 

19 0 

13 

1 1 

+15 

-10 

25 

18 5 



+15 

-12 

27 

19 5 



+17 

-15 

32 

21 5 

19 

1 1 

+10 

+1 

9 

11 3 


+15 

+2 

13 

15 6 



+15 

-5 

20 

18 6 

20 

1 1 

+15 

+4 

11 

15 6 


+15 

-5 

20 

215 


Figs 2, 3, and 4 are graphic illustrations of the studies made on 1 patient 
(Case 19) (Tables I and II) This man had pulmonarj tuberculosis confined 
to the right uppei lobe The remainder of the lung was normal Diagrammatic 
repiesentations of the pressuies and the timing of one respiratorv cvclc arc 
shown m the upper half of each figuic The horizontal dotted line indicates 
the mean piessure during the lespnatorj ejele The condition of the lung as 
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and in 6 patients was markedly elevated at the time of mtubation With the 
use of the ventilator, the arterial pC0 2 fell rapidly to near normal levels with 
the exception of 2 eases (A and B, Fig 5) 

In Case 4 (a) (A on Fig 5) studied early m our expeiicnce, the elevated 
pC0 2 was not recognized During a subsequent proceduie, Case 4 (b) (Table 
III), the pC0 2 level was easily maintained below 40 mm Hg Case 13 (B on 
Fig 5) was a short, stocky individual with seveie pulmonary emphjsema He 
was markedly acidotie when the endotracheal tube was inserted pH 7 17, pCO = 
82 0 mm Hg Throughout the operation, the pulmonary ventilation was 18 to 
21 L per minute The pC0 2 of the arterial blood gradually fell but did not 
reach normal values The greatest ventilation uas obtained m this patient with 
a mean endotracheal pressuie of +1 A high negative pressure was necessary to 
deflate the lungs (Table II) 



PREANESTH 


Fig 6—The pCOi of arterial blood during eighteen operations In G patients this 'n'jjs 
was determined the da} before Uie operation {PRE-OP) In 8 patients the pCO nns 
measured just berore the Induction of anesthesia (PRE-ANESTB) In 13 patients Uie pCO 
-svas measured Immediate!} following endotracheal Intubation {INTUB) cxpIriiTritlQri o 

A and B, Cases -4 (a) and 13 see text. C Is the mean of all Uie points In the graph The 
heavy horizontal lines Indicate the upper and the lower limits of normnl inlues 


The value of intermittent positive and negative pressuie anesthesia is veil 
illustrated m Case 3 A lobcctoim tor pulmonary tuberculosis nas attempted 
twice, employing intermittent positive pressure anesthesia On both occasions 
the operation was not begun because of a rapid pulse and a falling blood piessure 
following induction of anesthesia When positnc and negatne piessure vns 
used, satisfactory ventilation vas achieved for oier six hours (Fig G) In this 
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and negatne pressure xentilation was used until point B At point A, the 
soda lime canister was changed resulting in an immediate 1 eduction in the per 
cent of inspired caibon dioxide At B, the ventilation was changed to inter 
mittent positive pressuie at the same lespnatoiv rate The piogiessive rise 
in the pei cent carbon dioxide of the expired gas is evident A tiacing such as 
this illustrates the value of continuous analysis of the expned gas m detecting 
pool function of the soda lime canister and the onset of respiratorv acidosis 
As m Fig 6, the pei cent carbon dioxide of expired gas, in this tiacing, was 
below that of aheolai gas as shown by determination of the pC0 2 of arterial 
blood Nevertheless the tracing reflected directional changes in the pC0 2 ol 
arterial blood. 


SUHMARX 

1 With an open thoracotomy, the degiee of expansion of the lung is a 
function of the mean endotracheal pressure within the obt ious limits ot collapse 
or oveidistention In the absence of geneialized pulmonarv disease, a mean 
endotracheal piessure of +4 to +6 cm H 2 0 lesulted in normal expansion of the 
lungs With emphysema, louei mean pressuies weie required to aioid o\ei 
expansion of the lungs 

2 Avoiding collapse or distention of the lungs, with a lespnatory rate of 
20 pei minute, and with a constant difference in piessme between inflation and 
deflation, the greatest pulmonarj \eutilation uas achieved uhen the duration of 
inflation was equal to the duration of deflation 

3 Avoiding collapse or distention of the lung, nitli a lespiraton late of 
20 per minute, and with equal duiation of mflation and deflation, the pulmonan 
\entilation varied directb until the difference in piessme betueen inflation and 
deflation 

4 Gieater pulmonan xentilation at a lowei mean piessuie can be aclneied 
with the use of negatne piessure duiing deflation Negatne pressuie is also 
of great table in assisting the deflation of emplnsematous lungs 

5 The use of positive and negatne piessure rentilation resulted m nonnal 
or reduced levels of pC0 2 of aitenal blood m 16 of 18 cases of open thoiacotoim 
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LOBAR VENTILATION AND OXYGEN UPT AKE IN MAN 

Influence of Body Position 

Stig Borje SIattson and Eric Carlens 
Uttran, Sweden 

A S EARLY as tlie close of the nineteenth century it was suggested that the 
blood flow in diffeient paits of the lungs vanes to a certain extent with 
the position of the body In conjunction the theory was advanced that ane¬ 
mia m the apices of the lungs vhen the postuie is erect was the cause of 
“apical tuberculosis ” This led to the intioduction by different mvestigatois 
of postuial treatment in pulmonaiy tuberculosis Bjure and Lauiell 1 (1927) 
ueie of the opinion that they could demonstrate roentgenologieally that the 
lasculai flow m the uppemiost portion of the lung was less in the standing 
than in the iecumbent position This condition they interpreted as an ortho¬ 
static aitenal anemia Bionehospirometiy with the patient in the lateial 
iecumbent position, which was first performed by Bjoikman* (1934) and sub 
sequently lepeated by numeious investigates, shows lathei unequivocally 
that the lowei lung inci eases its oxygen uptake at the expense of the upper, 
notwithstanding the fact that the lentilation often letams the same 1 elation 
as in the supine position Bjoikman suggests that “it is plausible that this 
is caused by mci eased peifusion m the lowei lung and decreased in the upper 
lesultmg fiom the body position ” Since cardiac catheterization has opened 
the possibility foi measuiement of the piessure m the pulmonary artery, in- 
teiest has been lenewed in the question of the significance of the oithostatic 
piessuie to the pulmonaiy circulation Taking as the point of dcpartuie, the 
noimal piessuie m the pulmonaiy aitery and the estimated height of a column 
of fluid from the light lentucle to the apex of the lung, Dock 3 (1946) calcu¬ 
lated that the apex m adults has little oi no blood flow in the erect postuie 
Lageilof, Eliasch, Weiko, and Berglund 4 (1951) reached similai conclusions 
Thiougli compaiative analysis of the alveolai air in different paits of the 
lung m man in the uptight and recumbent positions Vlaitm, Cline, and Mai- 
shall 5 (1953) amved at lesults that may be mteipieted as an effect of 
decieased pulmonaij cndilation in the light uppci lobe m the upright pos¬ 
tuie Tliev shoved that m this position the paitial piessuie of the oxjgen 
nas higher and that of the caibon dioxide vas lovei in the upper lobe than 
in the lowei In the recumbent position the l elation betv een the gases m the 
tvo lobes vas leteised Thcj write “Whether this pattern is a result of 
lentilation and/oi pei fusion changes cannot be stated ” Sadoul and Rahn c 
(1954) made similai obseiiations on anesthetized dogs 
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cal examination showed no indications of caidiac disease On the basis of 
these obseivations, tie feel justified m assuming that noimal piessme existed 
in the lessei circulation Patients with a wide laiyngeal passage weie se 
leeted, and m all cases the examination could be peifoimed undei collect 
technical conditions 



ttmdt+t 




Fig 2 —Splrometrlc tracings of different 
lobes ot the right lung In supine and erect 
positions (Case G) 


Fig 3 —Splrometrlc tracings of different 
lobes of the right lung In supine and erect 
positions (Case 7) 


METHODS 

The patients received piemeclication consisting of 2 eg Pantopon, 10 eg 
luminal, and 1 mg atropine admimsteied subcutaneously 30 to 45 minutes 
pi 101 to the topical anesthesia of the pharynx, larynx, and trachea with a 
small amount of 2 pei cent tetracanie hydiochlonde solution The flexible 
cathetei (Fig 1) was passed undei minor guidance ovei a curved stylet 
thiough the larynx and down into the tiachea To facilitate the entrance the 
blanches of the cathetei weie tied togethei with a slip knot "When the 
cathetei was in the tiachea, the stilet was removed and the knot was untied 
The patient was placed supine on a table, and the collect position of the 
cathetei was controlled fluoroscopically Aftei inflation of the cuffs, the 
channel to the right upper lobe was connected to one recording spirometei and 
the channel to the middle and lowei lobes to anothei, both filled with oxigen 
This twnn spnometei is that onginallj descubed bj Bjorkman (1934) The 
caibon dioxide m each cncuit was absoibed bj potassium hjdroxide In 
these experiments the ventilation of the left lung was not recorded This 
lung was bieathing ambient an, and the laige tube m its main bronchus 
guaianteed free passage The resistance to an flow m the catheter was m 
\estigated, and foi the minute lentilation m question it never exceeded 0 7 
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tracing does not instantly return to the respnatory mid-position after a 
maximum inspiration or expiration There is a risk, hott ei er, that such a 
maximum respiratory movement may displace the position of the catheter 



! *■- 

i ___ _____ 

Fig 6—After roentgen examination of the upper lobe (Fig 4) the middle and lower lobes 
were similar!} examined (lateral \ie«) 

RESULTS AND DISCUSSION 

As is evident from Table I, the minute ventilation changed somett hat for 
the entire lung, but linthout any definite tendency in the tiansition from su¬ 
pine to erect position Under the same conditions the peicentile shore of 
the upper lobe in the i entilation shotted an aieiage deeiease that it as in¬ 
appreciable (m = 1 6) but almost significant (P<0 05) 


Table L Ventilation (Liters fek Mjvlte) of Right Lung 
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infected intravenously with, human tubercle bacilli lesults m an extensive 
caseous foim of the disease m the lung on the side of the anastomosis 

The figures given here as a measure of the decreased oxygen uptake in 
the upper lobe must, of couise, be regai ded as mean values foi the different 
parts of the lobe It is therefoic justifiable to assume that the venous blood 
flow m the apical parts is even less and peihaps, m certain cases, even totally 
absent It is impiobable, however, that the capillaries collapse and that the 
apex becomes completely empty of blood under these conditions, inasmuch 
as m experimental block of the venous cnculation a flow of blood is reiy 
quickly obtained peripheral to the block with arterial blood fiom anastomoses 
with the bronchial aitenes (Nordenstrom, 8 1954) 

As pointed out previously, when theie is a piessrne use in the lessei cn 
culation, the physiologic decrease of the blood flow in the apex in the meet 
position, winch has been demonstiated heie, may be expected to be mod¬ 
el ated 01 entncly abolished In the case of pathologically low piessure, this 
deciease should be moie pionouneed Typical examples of such pathologic 
changes in piessuie are found m mitral stenosis and m pulmonary stenosis, 
with increased pressrue m the foimei and decreased m the latter Moieovei, 
it has long been known, and statistically verified by 'White 0 (1944), that pul¬ 
monary tuberculosis occurs less fiequently m patients with initial stenosis 
and consideiably moie frequently in those with pulmonary stenosis than in 
the population as a whole 


SUMMARY 

The ventilation and oxygen uptake m the uppei lobe and the basal lobes 
of the light lung was spnometncally investigated m 7 male patients A com- 
paiative study showed an inconsideiable decrease in the ventilation (m = 
1 6) but an appieciable decrease in the oxtgen uptake (m = 18 6) in the uppei 
lobe ruth a change fiom the supine to the eiect position 

The decreased pei fusion m the uppei lobe is piobably orthostatic m 
ougin and mav give use to inci eased ah eolar oxygen tension 

The significance of the changed circulation to the piedominantly apical 
localization of postpumarv tubeiculosis is discussed 
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the elbow The temperature of the water was maintained at 45 to 47° C bj 
adding hot water as needed At the end of the 10-minute period, the hand 
was withdrawn from the water just enough so that venepunctuie could be 
cained out on the dorsum A 10 ml sample of blood was witlidiawn anaerobi 
cally by gentle aspuation, using a 20 ml eccentnc tip synnge until a No 20 
gauge needle The dead space of the syringe and needle w as filled with con 
centrated heparin (100 mg/ml) prior to drawing the blood sample After 
the blood was drawn, a small amount of meicuiy was aspirated into the 
synnge to aid in mixing, the syringe tip was plugged with a toothpick, and 

BLOOD OXYGEN TENSION 



pOz.mm Hij 


Fig- 1—Ox}hemoglobin dissociation curve constructed from the data of Dill (From J 
H. Comroe Jr editor Methods In Medical Research Chicago 1950 The Tear Book 1 uo- 
llshers to! 2 p 1C3 ) 


the syringe agitated Arterial blood was diawn at the same time horn the 
contralateial biachial artery via a Cournand needle which had been placed in 
the artery In three subjects a sample of tenons blood was diawn witlnn an 
hour from the same site as the “artenalized” blood, with the patient undei 
similar resting conditions 

All blood samples were drawn -without the use of a tourniquet Anahsis 
of blood samples was performed immediately The C0 2 and 0 2 tensions were 
determined with the Scholander blood gas tension apparatus by the method 
of Filley, 5 utilizing 30-unit Eoughton-Scholander sinnges All tension de 
terminations were earned out in duplicate, and cheeked within G mm Hg 
Tensions w ere expressed as the ai erage of duplicate determinations 

Although we haie not determined the coirection factors foi absolute 
Tables of the C0 2 and 0 2 tensions bj tonometn, the same coirection factors 
apply to each pair of arterial and “artenali/ed” blood determinations and, 
therefore, the tensions m “artenalized” and aitenal blood can be propeib 
compared 
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Table III 


. 1 

pO MM Hg | 

pco Mil Hg 

Number of patients 

14 

14 

Mean tension (avg ) m "artenalized ’ blood 

66 6 

42 7 

Mean tension (avg ) in artenal blood 

721 

41 7 

Difference of the means 

-5 5 

+1 0 

Mean (avg ) of the differences (without 
regard to sign) 

63 

2 95 

Extreme differences (“artenalized” minus 
arterial) 

-11 6 to +3 5 

-4 4 to +11 6 


(Table III) The difference between “aitenakzed” and venous blood diawn 
from the same area at different times, but with the patient under the same lest- 
mg conditions, gives an approximate indication of the extent of the change in 
venous blood produced by “artenalization” (Table IV) 

Table TV 


CASE 

| pco. 

po 

NO 

| VENOUS | 

“ARTERIALIZED” | 

| ARTERIAL 

VENOUS | 

“ARTERIALIZED” 

| ARTEIUAI 

14 

59 6 

44 9 

46 8 

26 2 

51 0 

59 S 

16 

47 9 

45 2 

46 6 

45 0 

78 1 

80 3 

17 

46 4 

34 4 

34 6 

40 9 

74 4 

72 8 


DISCUSSION 

In patients undei restmg conditions, venous blood “artenalized” by the 
method of Goldschmidt and Light is equivalent to artei ml blood m C0 2 tension 
While “ ai tei lalized ” blood is not identical to aitenal blood in its 0 2 tension, 
the tension does appioach that of artei ml blood to a leasonable degiee Wc 
feel that the degiee of appioximation is such that “aitenahzed” blood maj 
possibly be used nistead of arterial blood m many tests that involve the deteimi- 
nation of aiterial C0 2 and 0 2 tensions Experiments aie now in pi ogress in 
this laboratoiv to deteimme the validity of this contention 

On the basis of these expei unents, and those of Goldschmidt and Light, 
it seems advisable to confine the sampling of "aiterialized” blood to the veins 
on the doisum of the hand 

SUMMAR1 

Blood gas tension studies on 17 patients, at lest, demonstiate that “aiteii 
ahzed” venous blood approximates artei ial blood m its C0 2 and 0 2 tension 
levels 

Wo wish to acknowledge tlio advice and technical assistance of Sirs Porotlp II Burke, 
Biochemist, Surgical Research Laboratory, Veterans Administration Hospital, Providence, K L 
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Group 1 represents the valves in which theie is a small regurgitant jet in 
association with initial stenosis and a small, tight, peihaps calcified onfice, 
1 cm or less m length As there has been complete fusion of the commissuies 
and theiefore no loss of cusp substance, aftei commissurotomy the released 
cusps function apparently normally This regui gitation is of little sig nifi cance 
by itself 

Group 2 represents the valves in which there is a model ately powerful 
regurgitant stream occurring with an orifice of 1 5 to 2 5 cm m length The 
causatne rheumatic caiditis may have fused the anterior commissure, but by 
fibiosis and calcification held the posterior commissure widely open Alterna¬ 
tively, the aortic or more usually the posterior cusp may be shoitened, or again 
they may be tethered down by shortening of the musculotendinous mechanism 
to form a cone-shaped mitral opening 

Group 3 repiesents the vahes in which there is a powerful cuirent thiough 
a large mitral onfice at least 3 to 4 cm m diametei In this lesion there is no 
stenosis, but rathei a "dehiscence of the annulus” (Black 2 ), wheie the leguigita¬ 
tion is due solely to failure in normal valvular approximation 

As yet it is not possible to get reliable figuies on the relative frequency of 
Groups 2 and 3 In a recent clinical study of 30 patients with initial inconi 
petence, Brigden and Leatliam 3 studied 9 necropsies The mitral ring was of 
normal size in 1 case only, and was dilated m the lemamder All showed 
thickening and deformity of the valve cusps with calcification in 2 cases The 
chordae tendineae were thickened in 6 cases and m 2 of these a choida was 
ruptured 


JIETHODS OF SURGICAL CORRECTION 

In Group 1, the small jet associated with a tight mitral stenosis is an in¬ 
cidental finding The tieatment is conection of the mitial stenosis 

Groups 2 and 3 claim closer study To date none of the published methods 
of surgical collection has been completely satisfaetoiy in itself 

Bailey, 4 who pioneeied its surgical treatment, pointed out m 1951 the 
lelative dearth of valvular tissue in mitial insufficiency, and emphasized that 
suigical treatment must logically be diiected along the lines of either supply¬ 
ing additional valve substance to budge the aperture, or else of reducing the 
size of the aperture so that the available uahe tissue will become adequate 
in amount 

To this end he at fiist densed two operative piocedures, one in which 
a pedicled pericardial giaft was placed across the left lentricle to tamponade 
the initial onfice from below, and the other m which it was hoped to narrow 
the valve onfice by sewing the chordae tendineae with purse stung sutures 

Indifferent results on clinical tiial, howeier, made him dense a third 
procedure 5 m which there was a direct attack on the diseased lake cusps, the 
attack taking one of two forms He assumed there was predominantly one 
type of defect with wndely separated cusps posteriorly In this procedure the 
affected cusps are either suspended singly to the Aentricular wall, or else the 
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correcting mitral insufficiency, especially ni the Group 3 pattern, in which a 
widely dilated ialve orifice w as present If such a sutuie could be passed 
in human beings then the degree of tightening lequired to abobsh the in¬ 
sufficiency could be gauged by atnal exploi ation Further, m the Group 2 
cases, if theie was also an associated stenosis of one commissure, then coni 
missurotomy could be earned out and the tightening continued to accom¬ 
modate the insufficiency 

Experiments on sheep were therefoie commenced on Sept 21, 1953, and 
the prelmnnaiy lesults lepoited 10 


METHOD i 

The left side of the heait was exposed through the bed of the lesected 
left fifth rib As it was not possible to pioduce an insufficiency similar to that 
oecuinng with mitral rheumatic disease, it was decided to pass the sutuie and 
observe its effect on the normal heait, by examining the heart three months 
aftei operation, and assessing the nan owing of the ling 



Fig 1 —Method X The circular suture lay below the coronarj arterj passing under Its 

branches 

The first step was to dissect flee the mam left coionaiy artery as it aiose 
from the aoita, to define its course in the transieise sinus, and to isolate the 
origin of its two majoi divisions 'When these had been isolated, a double 
floss-silk sutuie was inserted on a No 8 round-bodied needle Floss silk is 
stiong, has been well tried for repair of direct inguinal hernia (Maingot 11 ) 
and, when lubricated with steule paraffin and niserted doubled, is sufficiently 
bulky to seal any needle hole 

In the first series of expenments, the sutuie commenced on the left side 
of the ventricle just below the main division of the left coronary artery, and, 
by under-running all obnous branches, continued to the infeiior mtenen- 
tneular sulcus wheie left and right coronary arteries anastomose (Fig 1) 
At this point, the suture was passed through the heart along the intenen- 
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Eg 2 


Fig 3 


F!b -1 




Fig 2 —Initial attempt- The transcnrdiac suture crossed to the left of the mitral orifice 
Fig 3—Second attempt. "U 1th the suture o\er the mitral orifice fibrin forming on It 
caused mitral obstruction within 2 nceks 


Fig A —Third attempt. Suture Ij Ing Just to left of interventricular septum 
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determine the long-term result The heart showed a him, narroued left A-Y 
nng with normal functionmg valve cusps In seveial the diameter of the ring 
had been reduced to half its normal width (Figs 6 and 7) 

Fig 6 



Fig 7 

Fig 6—Method II Circular constriction of left A-V ring without disturbing cusp func¬ 
tion 

Fig 7 —Result similar to Fig 6 

The atria nere cut an ay to show the uppei suiface of the mitral and 
tricuspid orifices Depending on the degiee of tightening of the cncidai 
suture befoie ligation, so the diameter of the left A-V ring laned, but m 
several it was reduced to almost half its noimal diamctei It was ion film 
and, as histological examination confirmed, moie fibious than normal (Figs 8, 
9, and 10) The lalve cusps and chordae tendineae had continued to function 
normally 
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COMAIENT 

These lesults showed therefoie (1) that the left A-V ung can be effec- 
tnely nan owed by passing a floss-silk sutme around it and tightening the 
sutme, (2) that the mitral lahe cusps continue to function adequately undei 
such cncumstances, and (3) that the fibrous A-V ung is consideiably thickened 
by the piesence of this sutuie 



, ‘t-J/ fa /tj/gfas 




Fig- 10—Further example similar to Fig* 9 


SUMMARY AND CONCLUSIONS 

The fibious ring supporting the mitral yalve can be effectively nanoued 
by passing a double floss silk cnculai sutuie aiound it In the initial 18 e\pen 
ments, yylieie the sutuie lay beloyy the left coionan arteij, although 11 
annuals recoyered fiom opeiation, 3 died fiom acute coionaij occlusion In 
9 subsequent eNpennients, yyheie the suture lay aboie the left coronal j aiten, 
all animals lecoieied The lesultmg naiiouing and thickening of the A-V 
ung did not inteifeie -with the action of the initial ial\c cusps and choidae 
tendineae 

It is concluded that this method may yy ell proye to hayc a real place in the 
surgical correction of mitral insufficiency, especially in patients yiith a yudeh 
dilated mitial yahe ring Caidiotomy yvould be the first step to assess the 
pathologic type of initial insufficiency Thereafter the circular suture y\ould 
be nisei ted, and the degiee of tightening judged bj mtiacaidiac palpation 



BLOODY PLEURAL EFFUSION CAUSED BY A BRONCHOGENIC CYST 

Ger4rd Desforges, M D ,* William M Madison, Jk , M D ,*° t.\n 
George W B Starkei, M D *** 

Boston, Mass 

' | 'HE common climcal teaching that a bloody pleuial effusion is secondan to 
A caicmonia or tubeiculosis is usually lalid Recently, howeiei, ne have had 
undei oui caie an unusual ease of bloodi pleuial effusion secondan to a 
bronchogenic cist, which forms the basis of this lepoit 

case report 

B J (B C H, No 1505272), a 20 rear old single white woman, entered the Boston 
City Hospital for the first time on March 30, 1054, with the chief complaint of che«t pain 
and shortness of breath of four dais’ duration. She stated thnt, one month prior to 
admission, she had developed a cold mth a cough productive of brownish black sputum, 
which continued up to the time of admission She was able to continue work as a sales 
clerk m a department store, although she did not feel well Her appetite remained good 
There was no weight loss There had been occasional mild night sweats, but the patient 
felt that these usually followed the taking of aspirin 

Four davs prior to admission, while at work she was suddenly seized with a substemal 
pain described ns sharp and stabbing and which was aggravated bv breathing and coughing 
After a short rest, she was somewhat relieved and went back to work It wns noted thnt 
with the onset of sharp pam, there wns associated shortness of breath and this had gradual!! 
increased until the time of admission to the hospital The location of the pain changed 
gradunllv and was felt most acutely in the left upper anterior chest, remaining pleuritic in 
nature There was no luston of contact with tuberculosis She had hnd pneumonia at the 
age of C, at which time her mother stated that she wns “run down and thin ” Questioning 
revealed that she smoked one package of cignrettes per dav Leg cramps had been noted 
occasionally, but without cnlf tenderness There wns no history of chills aud fever, or 
previous heart disease 

Physical examination revealed a fairly well developed, well nourished, young white 
woman, showing marked dyspnea There wns mild convergent strabismus of the right eye 
The skin of the face revealed extensive acne The teeth were markedly carious Examination 
of the chest revealed signs of pleural effusion up to the apex on the left with marked 
mediastinal and tracheal shift to the nght The heart sounds were heard best to the right 
of the sternum The remainder of the phvsical examination wns essentially negative 

Laboratory —The urinalvsis yvas negative The hematocrit wns 31 per cent The 
corrected sedimentation rate was 22 mm per hour The white blood count wa« 13 700 tells, 
showing 13 per cent monocytes, 12 j er tent lymphocytes and 75 per cent polymorphonuclear 
leukocytes Of the latter, 50 per cent were young forms X rays rexenled a homogeneous 
density of the entire left chest (Fig 1) A chest tap produced 1,100 cc of bloody fluid 
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i\as bounded below by the diaphragm, medially bv the posterior mediastinum, and supenorh 
bj the inferior surface of the lung, winch it pushed upward The lung was completely 
atelectatic The cystic structure was completely separated from the lung and diaphragm 
and was found to be attnched by a 2 cm stalk to the loner esophageal wall This stalk 
appeared to bo composed of muscle libers, lessels, and nerves Rupture of the cist during 
its removal showed it to contain approximately 700 c c of greenish gray, mucoid material 
The palpating Unger within the cyst was easih able to feel the Lei in tube within the 
esophagus, with only mucosa interiening between the finger and the tube The stalk was 
then amputated and the defect in the esophageal musculature was closed with interrupted 
silk sutures Decortication of all ii«ceral and parietal surfaces was then carefulli done 
and the lung expanded It uas noted that even with pressure, the expanded lung would 
not completely fill the henuthorax Two drainage tubes were placed in the chest and the 
wound closed 

Postoperativelv, the drainage tubes were placed on suction of 10 cm of water negntne 
pressure for five dais Since these became obstructed, they were removed and a new tube 
was placed in the upper second intercostal space anteriorly, and again this was placed on 
suction Thus, the pleural canty uas kept on suction for one ueeL folloumg operation 
With the removal of the lntrathoracic tubes, resort was made to daily tapping and 
instillation of streptokinase streptodornase solution for three dax« In spite of nil these 
measures, plus deep breathing exercises, the lung never expanded to fill the hcmithorax 
completely The aspirated material rmamed sterile and the pnticnt was discharged to be 
followed carefulh, lest empxemn develop 

Postoperative follow up five months following operation revealed a completch expanded 
lung with a pleural cap (Fig 2) Fluoroseopx showed onh slight motion of the diaphragm 
on the left 

The pathological diagnosis on the resected cvstic specimen was that of “bronchogenic 
cyst ” 


DISCUSSION 

The theones concerning enibi x ogenesis of entciogenons oi bionchogenic 
cxsts of the mediastinum can be dmded loughly into three types Lewis and 
Thvng 1 pioposed embryonic diverticula oi outcioppmgs of epithelial nodules 
capable of pioducmg gastnc mucosa Keith 2 felt that then existence was caused 
by a failuie of coalescence of the vacuoles in a tiansxcise mannei, when the 
alimentary tube was in a solid state, lesnltmg in a cxst xxhich could oi could 
not be attached to it Black and Benjamin 3 expiessed the belief that these cysts 
xxeie mtrathoiacic xestiges of the vitelline duct Calling attention to the 
common genesis of epithelial lining of the respiratory and digestive tiact, OlkeiC 
indicated difficulty m making a diagnosis as to ongin on this ciiteiion alone 
This wntei pointed out furthei that all mediastinal cxsts xveie closely i elated 
embixologieallx, however, he added, the esophageal cxsts seemed to form a 
lathei dist net gioup They aie almost lnxaiinblx found m an adult, situated in 
the lowci half of the esophagus, usually between the muscle layers of the 
esophageal wall, and the epithelium is composed of ciliated cuboidal cells with 
occasional foci of flattened epithelial cells Histologically, these cysts icsenible 
most closely the gioup descnbed as of bronchogenic oiigm, except that they 
contain no caitilage It would be expected that there cxsts would cause sxmp 
toms secondaix to pressuie on the contiguous mediastinal structure Bv spues 
cough, cxanosis, pleunsx dxsphagia can all be pioduced m some degree in this 
manner However, the more alaiming clinical sxndiomes arc due to another 




THE ONE-BREATH OXYGEN TEST ADAPTED FOR USE WITH 
DIFFERENTIAL BRONCHOSPIROMETRY 

J K Curtis, SI D , Edna Cree, SI D , Howard Rasmussen, B S, and 
J T Mendenhall, SI D 
Madison, Wis 

r j r1 HE one-bieatk oxjgen test descubed by Comroe and Fowlei 1 has pio\ed a 
-1- valuable method foi measunng uneven alveolai ventilation We have 
modified the described test by discaiding the flovmetei to obtam the lolume 
curve The Lilly flowmeter is expensive, the fine mesh is easily affected by 
condensation of vatei vapor, the unevenness of the cuives suggests the pies- 
enee of artifacts, and the calculation of volume is laboiious To measuie the 
volume of expired air, we use a 7 L ■well-balanced lespnometei Ovei the 
shaft of the pulley is attached a potentiometei of 360 degiees, low toique and 
10,000 ohms*, connected to a Sanborn Poly-Yiso lecoider The contact voltage 
is piovided by a I 5 volt batteiy and lheostat The cuive foi lolume of gas 
expired is linear in the lange and lates of flow used for the test Simultaneous 
lecording of flow and the cuive fiom the nitiogen metei allows one to calculate 
easily the percentage use of the nitiogen cuive The points 750 c c and 1,250 
c c are geneially used, as lecommended by Cornice, but the occasional patient 
is unable to expne m this lange When this occius the same increment may 
be used at lower points provided they fall on the alveolai plateau 

Fig 1 shows a typical abnormal test taken from a patient with model ate 
emplnsema The uppei poition of the figuie on the left shows the standaidi- 
zation of 0 pei cent to 80 per cent nitrogen. On the light is the nitiogen cun e 
showing the mspnation of 100 per cent oxygen, the expiiation of dead space 
air, the using cuive lepiesentmg the mixtuie of dead space an and alveolar 
air and the so-called ah eolai plateau on which is calculated the 8 per cent 
use of nitiogen in 500 c c of ah eolai air The dotted line indicates a normal 
cuive foi comparison The lowei portion of the figure shows the gas flow 
curve fiom which peipendiculai lines aie diawn at 750 cc and 3,250 c c of 
expired air It is impoitant to hare the patient expne evenlj and slowh to 
compensate foi the slight lag in the nitiogen meter 

We have used the one-breath oxvgen test ni scieennig oter 100 patients 
before pulmonary resection Theie is good conelation between this test, a 
prolonged timed vital capacih, and i educed maximum bieathmg capacity with 
spirogiaphic cune eleiated to the liypeiinflation lei el All patients with 
elevated ratio of residual an to total capacitv and niei eased index of intra- 
pulmonarv rnixmg had grosslv abnoimal one-breath oxi gen tests 

From The Veterans Vdmlnlstrntton Hospital Maillson V is 
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Over 50 per cent of om patients undeigo pulmonary zesection foi iesidual 
tuberculous lesions Many of these receive lobectomies without thoi neoplasty 
or plombage We have undeitaken a long-term study to determine whether 
the remaining overexpanded lung develops emphysema We have scantv 
pathologic evidence that this oceuis, but the rapidity, extent, and frequency 
of these changes are not known A change from a normal one-bieath oxygen 
test before pulmonary surgery to an abnoimal curve postopeiatively might 
indicate the development of poor intrapulmonary gas distribution and suggest 
the possibility of some emphysema It then becomes impoitant to deteimine 
which lung is involved and to measure the degree of abnormality 

Differential bronehospirometry will provide comparison between the two 
lungs for ventilation, vital capacity, and oxygen uptake The seven-minute 
mtiogeu washout test of Dai ling 2 is not practical foi bionchospirometiy be 
cause of the length of time necessaiy to complete the tests bilateralh A 
patient will raiely toleiate bionehospirometiv foi more than a few minutes 
and hyperventilation occurs m many of them duinig the pioeeduie The one- 
bieath oxygen test is ideally suited to bionchospnonietry The test is com 
pleted quickly without fiuthei diseomfoit to the patient Nitiogen cuives of 
the expired gas fiom each lung are obtained which allow dneet compniison 
and analysis 

METHOD 

Bionchospirometiy is peifoimed according to the standaid technique 
using a Gebauer or Cailen double lumen cathetei 3 The tubes of the cnthetei 
aie connected to a Collins bronchospnometiv assembly with two 1 espnometeis 
On the pulley shaft of one of these is fitted a potentiometei connected to a 
Sanborn Poly-Yiso recorder as desenbed previously The needle foi the 
nitiogen samplei is inseited nito the connecting couple just above the end of 
the catheter tube The tubing leading to the Wateis Conley nitiogen meiei is 
12 mches in length The output from the amplifier is connected to anothei 
channel on the Poly-Yiso The potentiometer and nitiogen metei aie caiefully 
standardized during the time the patient is receiving the local anesthesia in 
preparation foi the insertion of the catheter After the cathetei is in place 
the three-mmute run on loom an is made, during which ventilation and oxvgen 
uptake aie obtained Then the catheter is disconnected fiom the lespiiometei 
assembly The respnometer tubing is intei changed so that oxvgen may be 
lneathed out of one respuometei and the expired gas is collected m the othei 
lespuometci with the potentiometer attachment The inspnatoiv f tubing on 
the latter lespirometer is stoppeied with a cork to prev ent gas leakage Y hen 
all is in readiness and the respirometer bell is filled with 99 4 per cent oxvgen, 
the patient is asked to take a deep breath of room an and to exhale completelv 
He is then connected with the oxvgen circuit and he is again asked to fake 
a deep breath, at which time the Sanborn recoidcr is sfaited He then exhales 
slowlv and evenly into the second lespirometer while the nitiogen curve and 
expiratory volume aie recorded The same pioeednre is repented foi the 
opposite side by merely interchanging the catheter tubes Usuallv one record¬ 
ing from each side suffices Occasionally the patient mav cough during the 
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buttock X raj of tbe chest revealed moderately advanced pulmonary tuberculosis The 
sputum was positivo for acid fast bacilli From X ot ember, 1949, until the present time 
lie had received several courses of antimicrobial therapy In 1952, because of positne 
secretion, he had a senes of operations performed at another hospital Sept IS, 1952, 
right upper and middle lobectomies, Oct 13, 1052, thoracotomy for closure of broncho 
pleural fistula, Xo\ IS, 1952, thoracotomy and drainage of empiemn, Oct 13, 1953 , 
thoracoplasty, 7 ribs, and paraffin pack Subsequently the paraffin sloughed \in the 
tracheobronchial tree and through the thoracotomj yyound On Julv 0, 1954, an incision 
and drainage of a chest wall abscess was performed The last positive secretions were 
found in May, 1953 On admission to this hospital he nas continued on Isoninzid, 100 



Fig i -—Bronchogram of Patient 51 T yyhich demonstrates extensile bronchiectasis of right 

upper lobe 

mg three times a dm, and para aminosalicvclic acid, 12 Gm dailv, but in new of possible 
further surgery, he was begun liter on \ ionium, 2 Gm , t"iic nccklj, and Isoniazul, 100 mg 
three times daih Because of a persistent air pocket in the right apical region (lig 0) 
and some bronchiectasis of the remaining right loner lobe, the Surgical Board recommended 
tho completion of a right pneumonectomy Pulmonary function studies yyoro ns follows 
fluoro'copy showed a right thoracoplasty The right diaphragm teas elevated and adherent 
to tho lateral chest wall There yvas some moyement of tho medial portion Tho loft 
diaphragm moied well Altai capacity was 1,971 cc, or 55 per cent of normal Tlirce 
second timid yitnl capacity was 78 per cent Maximum breathing cipacitj was 54 L, or 
57 per cent of normal Spirograms showed prolonged expiration on yital capacity test 
and maximum breathing capacity performed at hyperinflation ley el One breath oxy„en 
te't reyenled a rising curye of ah colnr nitrogen to be S per ceDt in 500 cc Oxnnitcr 
studies showed the peripheral blood to be 95 per cent saturated yvith oxygen yyhile breath 
ing room air Allien the saturation yyns loyycred to 50 per cent by rebrentlnng from i 
respirometer gradually depleted m oxygen, it took 75 seconds to return to 90 per cent 




RIGHT SIDE 16% in 300cc LEFT SIDE 3% 
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saturation when allowed to breathe room air again (normal less than 24 seconds)! 
Differential bronchospirometry showed ventilation on the right side of 3G per cent, \itnl 
capacity 22 per cent, and O uptake 59 per cent The one breath oxygen test showed a 
rising curve on the left with S per cent in 500 cc (Fig 7) but onlj 1 per cent in 200 cc 
on the right side 

Comment —This patient was scheduled for completion of right pneumonectomy Because 
of slight dyspnea on ward activity, his alert physician requested careful pulinonarx physiologic 
appraisal Tho finding of good oxygen uptake on the right was unexpected The poor function 
on the left uas explained by the emphysema and uneven gas distribution which was demon 
strated by differential bronchospirometry Surgery was deferred 



Fig C—Chest x-ray ot Patient S H which shows right thorncoplast> and extra and Intra 

pleural air pockets at right apex* 

DISCUSSION 

The alveolar nitrogen cui\es obtained fiorn each lung sepnratelx during 
differential bionehospnometiv allow one to compare the gas distribution of 
the light and left lungs The impoitance of making such obsei rations is well 
illustrated by the thiee eases piesented 77'e beliexe this method xxill he help 
ful m deteimining changes m the overexpanded lung following lobectomy 
without thoiacoplastv or plombage 

It xx ill be noted that the dead space is considerably reduced hi tke 
eathetei so that the nlxeolai plateau is leached aftei expiration of about 100 
c e of an This allows one to take points at less than 770 c c and 1,270 c e 
w Inch w ould not be ax ailnble on lungs sex erely compi onused bx disease 77 hen 
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less than 500 c c is available on the alveolai plateau, smaller amounts may he 
used The eonfiguiation of the cunes, hovexei, fxom the tvo sides pi oxides 
useful evidence of uneven gas distubution, even v ithout making the ealcula 
tions 


SUMMARY 

1 The one-bieath ovjgen test of Comroe is a sensitne mdicatoi of alxeolar 
gas distribution 

2 This test has been adapted to differential bionchospnometij 

3 Tliiee case histones are piesented winch lllustiate the xalue of obtaining 
bilateral alveolar nitrogen euixes aftei one bieath ot oxvgen 
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still connected to the anesthesia appaiatus Aftei films were taken in the 
lateial decubitus position the patients y\eie tinned to the supine position and 
othei loentgenogiams yyeie exposed 

Of the 5 pneumonectomies, 4 had been peifoimed m the pi one (Oieiholt) 
position, and 1 m the supine position All 5 yveie x-iayed in then lespectire 
positions “while on contioiled lespnation The patient “whose opeiatne pioce 
duie had been done ni the supnie position y\as turned to the lateial decubitus 
position and a film “was exposed immediately Because of the natuie of the 
Oveiholt position, it “was not possible to shift the position of the 4 patients 
opeiated on m the pi one position 

Thiee dilfeient anesthesiologists paiticipated m this study Peutothal 
sodium “was used foi induction Syncunne was added before intubation 
Closed cncuit manually contiolled ethei-oxygen “was admmisteied dining the 
resection Nitious oxide-oxygen was substituted dumig closuie Secietions 
weie aspnated and the lungs “weie lemflated at fiequent mteivals throughout 
the opeiation 

RESULTS 

All loentgenogiams on patients whose suigical pioceduies had been carried 
out m the lateral decubitus position rexealed evidence of increased densities 
which yaned fiom patchv mfiltiations (Fig 1, B, Case 1), to complete homo¬ 
geneous opacity of the dependent lung The exposed lung was consistently fiee 
of such abnormalities (Fig 2, B, Case 2) 

These findings weie moie pionounced m the films taken wdien the patients 
had not been turned from the lateial decubitus position (Fig 2, B, Case 2) 
Theie was maiked cleaimg lmmediatelv aftei turning to the supine position 
(Fig 2, C, Case 2) 

In patients opeiated upon in the supine oi prone position the contralateial 
lung was well aeiated and fiee of compiession Howeier, in Case 3, pool 
aeration in the lemannng lung de\eloped immediately when the patient was 
turned to the light lateial decubitus position foi 1 minute (Fig 3, C ) 

In the patient who had had closed pneumonolvsis, loentgenograms of the 
contralateial lung reiealed incieased density thiougliout the lung (Fig 4, B, 
Case 4) 

DISCUSSION 

The loentgenogiaphic abnoimalities of the dependent lung in patients 
opeiated upon in the lateial decubitus position weie piobablj due laigely to 
tlnee factors—compiession fiom aboie downward by the y\eight of the 
mediastinal stiuctures, delation of the diapliiagm by y\eight of abdominal 
contents (Fig 4 B, Case 4), and immobilization of the dependent hemithoiax 
by the yyeight of the patient’s body 

The yectoi eftcet ot the tlnee factois mentioned gicath reduces the yolume 
of the dependent lung and therefoie nheolai yentilation Bestricted moie 
nient fayonng accumulation of secietions and patchy atelectasis may also be 
nnohcd In oui small senes the efteets descnbcd yyeic independent of the 
extent of tubeiculous imohement, the type of snigcn, or the duration of anes 
thesia 
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rig -—Case J A S a 35-vear old white man 

A Preoperative film taken on April 24 1^54 reveals disease In the right apex sputum 

positive. 

B Left Jnteml decubitus film exposed Immediate)* following’ resection of the nplcnl anil 
posterior segments of the right upper lobe \pril 26 1954 Operation had been perform'd In 
the left lateral decubitus 

C Vnteroposterlor film exposed In the supine position within 1 minute nfter the patient 
was turned from the left lateral decubitus position Jvote that clearing 1ms started Jn the left 
lung 

D, Erect posteroanterlor film taken the first postoperative tlnv reveals clear left lung and 
normal postoperative reaction In the right lung 
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the supine to the lateral decubitus position The rapidih until which the de 
pendent lung ieverted to noimal when the patient was turned fiom the lateral 
decubitus to the supine position was also impiessne (Fig 2, C, Case 2 ) 



Fig 4—Case 4 G C a 47-year old Negro man 

A Preoperative film exposed on April 3 1954 re'eals a left artificial pneumothorax 
"ith apical adhesions 

B Anteroposterior film exposed In the right lateral decubitus position Immediate!' after 
left thoracoscopj under Pentothal sodium anesthesia. The adhesions could not be cut. Note 
the changes In the dependent right lung and the ele\atlon of the right diaphragm 


SUMMARY 

1 Tlnrtj-three patients uho had undergone thoiacic suigeij ucie \-iatcd 
inunediatelv postopei atn eli in t arious positions 

2 The changes m the dependent lung aie descubed 

3 Possible mechanisms involved m clianges observed are descubed 

U e wish to thank Drs Scvmore Schotz, Demetrius Kostrubinh, auil Basil Rozlnn, the 
participating anesthesiologists, for their assistance, and Dr J Ger«hon Cohen and his 
associates for their roentgenographic interpretation Also our thanks arc expressed to Dr 
Katharine R Boucot, for her editorial assistance 
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Number 

Died 

Relapse 


0 10 
YEAR 


10 20 
year 


10 


Table I 


20 30 

YEAR 


10 

2 


> 1 * 


30 40 

YEAR 


30 

1 


•This case must be added to both groups 


40 50 

YEAP 


10 

1 


50 GO 

YE.tr 


TOTtI 


100 

G 

> 1 * 


During sanatorium treatment 6 patients died (6 pel cent) Aftei disehaige 
3 patients (3 pei cent) had a relapse, one of wliom died 
The indications foi operation are shown m Table II 


Table II 




DLRING SAN ATORIL M 

AFTER DISCIIVRGF FPOM 



TREATMENT 

TREATMENT 


NUMBER 

DIED 

| EMPNEMY | 

RELAJ SE | HIED 


Primary tuberculosis 

3 

1 



_ 


_ 

Ulcerative phthisis 

8 

- 



- 

- 

- 

Tuberculomas 

1 

- 



- 

- 

- 

Tuberculous bronchitis 

13 

1 



— 

1 

- 

Cavities 

49 

- 

i 

L* 

1 

1 

1 

Destroyed lung and/or 

32 

9 

i 

* 

o 

- 

- 

empyema 



f 





Total 

100 

4 

2 

j* 

3 

2 

1 

•This number must 

be added to both 

groups 







DIED 

Pnmauj tubciculosis 

1— H J , a liov, 4 years old Theie was a gland pcifoiation m the light 
main bionchus with distinction pneumonia m the entile light lung He died 
fiom shock on the second dar following opeiation 

Tuberculous bionclnhs 

2— L M, a floman, 40 years old Theie ttas stenosis of the left mam 
bionchus She died on the twelfth dav following operation from bioncliopncu- 
monia of the light lung 

Canties 

3— —B R , a man, 54 real's old Pneumoncctomr was pei formed on the left 
side Dming the operation, a laige cantr peiforatcd A tubei colons em 
pr ema der eloped with a branchial fistula He died eight months aftei operation 

4— J L, a woman, 29 rears old The patient had pneumoncctomr pei- 
foimed on the left side and had had prenous dissemination in the right lung 
She was dischaiged m good condition A real aftei the opeiation, she dereloped 
a cantr on light side The patient died two rears later 

Destroyed lung 

3—B B a man, 2S real's old The patient hud a destrared lung with 
tuberculous eniprema and branchial fistula on the light side Aftei pleura 
pneumoncctomr, tubcieulous empremn appeared again plus a branchial fistula 
lie died eighteen months after operation 
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The question remains, how e\ ei, as to whethei sti etching of tlie lemainmg 
use to empln sema and 1 educes lung function Some authors e\piess 
the view that tins is, mdeed, the case They base this opinion on the studies of 
Longacre and co-woikers, 1012 Biemei, 13 and Couinand and associates 141 '- It 
appears, howeyer, that these woikers exeicise gieat caution in then conclusions 
m this regaid Bnatk and associates 1 ’ state, "The ieais of emphysema that 
have been expiessed m connection with tins distention lecened onh slight con 
firmation m the cases examined ” Gaenslei and Stnedei 18 haye also compaicd 
lesults of lung function m patients -with and without thoiacoplastv aftei pneu¬ 
monectomy They say, "Thoiacoplasty accomplished just the opposite of the 
desned lesult The lange of tlie useful lespnatoiy moyement (VC) y\as gieath 
1 educed, yyheieas the yolume y\ Inch meieh dilutes the nispned tidal an (lesid 
ual yolume) yvas only slightly reduced [fiom 38 to 35 pci cent of the total 

capacity ] Worst of all, the initial mean MBC of 58 liters pei minute yvas 
peimanently reduced to 46 litcis pel minute ” Mathcy and cowoikers 1 " em 
phasize this conclusion and consider the yalue of a tlioi neoplasty aftei pneu¬ 
monectomy y erv doubtful 

We also studied the function of the lemannng lung In 38 of the 63 pa¬ 
tients yydio undeiyyent pneumonectomy moie than ty\o years ago (Table IV), 
we have been able to do, and to lepeat at diffeient times, lung function tests 
These 38 patients aie listed in Table V Twenty patients yy-eie women, 18 men 
Pneumonectomy was pei formed 24 times on the left side and 14 times on tlie 
light Age at time of opeiation y\as as folloyys 

2 between 10 and 19 years 
17 between 20 and 29 years 
11 between 30 and 39 veai-s 
6 bctiveen 40 and 49 vears 
2 betyveen 50 and 59 y ears 

Tlnee of these 38 patients had a thoiacoplasty peifoimed In the female 
patient, No 7, six libs, the second up to and including the seyentli, yieie le 
moyed duimg pneumonectomy The opeiation y\as peifoimed elseyyheie and 
the patient yyas sent to oui sanatoiium because, notyyithstandmg the thoiaco 
plasty, a small ca\ity deyeloped contralaterallv In the male patients, Nos 26 
and 34, thoiacoplasty, comprising seyen nbs, was peifoimed elseyyhere ten 
months and ty\o years lespcctnelvy pnoi to pneumonectomy Both patients, 
hoyveyer, had lesidual cayities m the collapsed aiea, so the diseased lung finally 
had to be remoyed 

In 4 patients phrenic exeiesis y\as done In patients No 1 and No 2, 
this yvas done duiing the pneumonectomy because v\e believed, at the begin 
nmg it offeied certain adyantages—being influenced by the hteiature men 
turned pieuoush These, hoyveyei, weie the onh patients in yvhom plnenic 
exeiesis y\as puiposeh done In patient No 10, the phrenic none y\as ncei 
dentally cut dunng suigen and in patient No 40, plnenic exeiesis bad been 
done twenty-one years picyiously Aftei examination, it appeared that patients 
Nos 9, 17 26 27 73, and 74 all had a highly positioned diaphragm on the side 
opented upon piobabh as the result of contiaction 
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Table VI Subdivision of the Total Capacity (T C ) in Adults 


fgnc usable 

tional comple PART of 

VITAL CA RESIDUAL RESIDUAL RESERVE TIDAL ME XT ARY UTAL 

PACITY* VOLUME VOLUME VOLUME VOLUME CAPACITY CAPACITY 

IV % T C IN % T C IN % TC I\%TC IN % T C IN % T C 


o « 


JO Jf AO 


months (years) after pneumonectomy 


In accoidance with this method Figs 4 (vital capacitv ) and 5 (total enpacit') 
have been compiled, vvheiebv each line lepresents the volume alteiation v'hh 
the time after the operation The numbers of the lines couespond to the mini 
bors of the patients in Table Y 
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1 i, i i \ ■*< kI-. l(Wi jit r 1 * iii tiul \ ith i» t • \*« pn'>"» in* r> - ' ' i ' • 1 * 

I> innu Ji* im. \< ir m* r <y runm < 1 i_’ t> tie in ivitnu i \i il • i 
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number of patients uunber of Patients 



vital oapaoity in % of normal value 

Fig 6 

a Within 12 months after operation 32 patients 

b Between 13 and 24 months after operation 2G patients 

<? Between 25 and 3G months after operation 25 patients 

d. Between 37 and 48 months after operation 15 patients 



total capacity in / of normal value 
Fig 7 

a 11 ithln 12 months after operation 27 patients 

b Between 13 and 24 months after operation 28 patients 

c Between 25 and 36 months after operation 21 patients 

d Between 37 and 48 months after operation 14 patients 



732 


THE JOURNAL OF THORACIC SURGERV 


examined, of whom 30 w r eie younger and 8 older than 40 yeais The spiead 
ings-eurve (Fig 9) confirms the fact that there is no increase of the residual 
volume in percentage of the total capacity 

The normal values of the maximum bieathmg capacity (MB C ) m liters 
weie calculated according to the formula of Hirdes and van Veen 28 

— ^qqq 11 ' — x usable part of the vit cap m % x 30 


The noimal value foi the usable part of the vital capacity emploved m this 
formula is indicated in the last column of Table VI This factor was intioduced 
by Trffeneau and Drutel 20 and is comparable to the “one second value” of 
Gaensler 80 The values obtained for the M B C weie expressed m the same man¬ 
ner m percentages of the noimal values of the remaining lung as is described 



residual volume in % of total capacity 
Fig- 9 

a Within 12 months alter operation 27 patients 
b Between 13 and 24 months after operation 2S patients 

c Between 25 and 3G months after operation 21 patients 

d Between 37 and 4S months after operation 14 patients 


for both the vital capacitj and the total capacity In Fig 10 the curves of the 
change of the MBC of the individual patients have been reproduced The 
majoutv lie mound 100 pel cent and here, once moie, we obsene, as in the 
ease of the vital capacity, a tendency to increase m the course of time In the 
spicadmgs curve of the MBC (Fig 11) this is evident only in a reduction of 
the number of cases below 100 per cent This shows that the ventilator} lescrvcs 
become laiger, a fact that is favorable foi working conditions 




734 


THE JOURNAL OF THORACIC SURGERl 


each patient, including the time after pneumonectomy Although theie aie a 
numbei of patients who liaie too low a value (<70 per cent), theie is no gen- 
eial tendency to furthei reduction This is confirmed bv the spreadings cuive 
(Fig 13) In geneial, therefore, one cannot speak of a loss of elasticity of the 
lung 

All of the patients marked with an asterisk m Table V had complete lung 
function tests m the first, second, and third years after operation, so then a\ er- 
age values during successive years could be calculated These a\ erage values of 
the total and vital capacity, the lesidual volume, the MBC, and the usable pait 
of the vital capacity demonstiate cleaily the tendency which has already been 
observed in the different curves (Fig 14) 



U 3 C. in % of normal value 
FIs 11 

n "Within 12 months after operation 30 patients 

b Between 13 and 24 months after operation 31 patients 

c Between 25 and 36 months after operation 22 patients 

d Between 37 and 48 months after operation 11 patients 

The fanlv high percentage for the ai erage residual lolume of all 18 pa¬ 
tients (line 1 of Fig 14) requires further explanation For this purpose ve 
dmded the patients into tvo groups (Table VII) The first group, of winch 
the residual lolume dunng the first examination was equal to or smaller than 
36 per cent of the total capacity, was composed of 9 patients The at erage age 
of this group was 25 icars The second group, with a residual volume huger 
than 36 per cent of the total capaciti dunng the first examination, uas also 
composed of 9 patients Their average age vas 39 icars The age of the pa- 
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Table VII Besidual Volume at First Investigation After Pneumonectomy 


<36 PER CENT of total capacity 

' >36 PER CENT OP TOTAL CAPACITY 

SUBJECT 

AGE 

(YEARS) 

RESIDUAL VOLUME IN % 
TOTAL CAPACITY 

SUBJECT 

AGE 

(YEARS) 

RESIDUAL VOLUME IN 
% TOTAL CAPVcm 

1st 2nd 3rd 

\ EAR YEAR V EAR 

1st 2nd 3fd 

YEAR YEAR \EAP 



20 

29 

22 

27 

13 47 

52 

44 

41 


23 

36 

24 

27 

19 39 

44 

39 

4S 


17 

29 

27 

23 

21 47 

39 

33 

31 


23 

29 

20 

19 

26 32 

47 

40 

40 


20 

25 

22 

25 

31 34 

39 

34 

40 


47 

31 

34 

42 

37 24 

37 

37 

36 


31 

36 

34 

33 

40 42 

59 

56 

51 


26 

36 

37 

31 

47 37 

37 

37 

39 


20 

32 

27 

25 

48 53 

46 

47 

48 


25 

31 

28 

28 

Mean 39 

44 

41 

41 




TOTAL CAPACITY 

IN 

% OF NORMAL VALUE 





Mean 

110 

128 

129 

Mean 

122 

120 

129 




VITAL CAPACITY 

IN 

% OF NORMAL VALUE 





Mean 

110 

124 

125 

Mean 

93 

102 

103 




USABLE PART OP YTTAL CAPACITY IN % 





Mean 

76 

75 

74 

Mean 

66 

65 

65 




M B C IN % OF NORMAL VALUE 



84 


Mean 

105 

106 

109 

Mean 

78 

79 



F.s 13 


a, Y\ ithln 12 months after operation 31 patients 

b Between 13 and 24 months after operation 31 patients 

c Between 25 and 3G months after operation 22 patients 

d Between 37 and 48 months after operation 13 patients 
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considerably below the normal valne This resembles, up to a ceitam point, the 
so called old age emphysema, for with noimal and more elderly persons the total 
capacity lemams constant and the residual yolume mcieases at the cost of the 
ntal capacity Heie the usable part of the vital capacity and the MBC dimin¬ 
ish and to an equal extent, precisely as in the group of older patients 

How can this be exp lamed? It is possible that among the older gioup of 
patients theie are those whose illness is of longer duration The chances that 
disseminations in the remaining lung have taken place, yylneh haye giyen rise 
to fibrosis and emphysema yyith all the resulting functional changes, are hcieby 
enhanced We have not been able to find in the x-ray pictures anv suppoit for 
this assumption Pi oof of an enlarged residual yolume m the contralateral 
lung pi 101 to pneumonectomy is absent, because no rekable method exists of 
measuring separately the residual volume and the total capacitv of each lung 
Anothei possibility 7 is that the larger lesidnal volume m the older patients 
can be explained as due to a degenerative emphysema resulting from overstretch¬ 
ing Opposed to this is the fact that the laige residual volume uas obseived at 
the first examination, within a y eai after pneumonectomy- Such a quick occui- 
lence of these alterations in the structure of the lung tissue seems improbable 
There are also the reduction in residual volume and the increase in vital capacitv 
m the course of time—a recovery 7 , therefoie, in the direction of noimal These 
obseryations do not fit mto the picture of a progressive degenerative emphysema 
It is quite probable that the mechanical disturbance of expiration, which 
results fiom eyery pneumonectomy, affords a better explanation of these facts 
It is our belief that this distuibance in the case of young persons is compensated 
for in such a yvay 7 that a normal residual volume can be attained, because the 
thoracic wall possesses possibilities of adapting itself as needed Into tins pic¬ 
ture also fits the observation that, in the course of time, the residual volume 
declines when these patients learn to make further use of the adaptne possi 
bilities In older persons the disturbance of the breathing mechanism as the 
result of pneumonectomy 7 will become apparent tlnough an enlaiged residual 
yolume because the thoracic wall has become much less supple It is quite un¬ 
derstandable that here, too, some lmpioyement can occur in the course of time 
If yve grant such an important role to the functional unity 7 of the thoracic 
w all and also to the diaphragm, it is not desirable to distuib this by 7 thoraco 
plasty 01 phienic exeiesis Moreoyer, this might lesult in the ymntilatorv func 
tion being considerably hindered, as is demonstrated m patients No 26 and 
No 40 

SUXIW\RY AND CONCLUSIONS 

1 During sanatomuii treatment, 6 of 106 patients died as the icsult of 
complications following pneumonectomy or pleuropneumonectomy (mortality 
G pci cent) 

2 Three cases of staphylococcic empyema and 2 of tubeicolons empyema 
are reported The first 3 patients rceoyered, the last 2, in yyhom bron¬ 
chial fistulas dey eloped, died 
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Erratum Requested by Dr Robert P Glover 

In the article entitled “An Annlxsis of Fifty Patients Treated In Mitral Comnn'mr 
otonn Fixe or More Years Ago,’’ bi Drs Gloier, O’Neill, and Jnnton of Philadelphia, 
nluch appeared in the October issue of the Touhnal, page 436, it is noted that a number 
of tlie patient” included were onh four and one half years postoperative at the tune o 
publication so that the cn^ex reported lmie actualh been followed for four and one ha 
to six: and one half 3 ears 
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It is planned to run the motion pictures in a smaller room at the same time as the 
scientific sessions If the films are well labeled, it will not be necessary for the author 
to be present for comment 


Applications for Membership 

Applications for Associate Membership in the Assocntion must be received by the Mem 
berslnp Committee not later than Dec 15, 1955, otherwise, the applications will be deferred 
for consideration until the 1957 meeting 

Applicants must be sponsored by three Active or Senior Members of the Association 
In addition to the signatures on the application form, the sponsors will forward a separate 
letter concerning the applicant directly to 

Dr O T Clagett 

Chairman of the Membership Committee 
Mayo Clime 
Rochester, Minn 

Sponsors are reminded that new letters of recommendation must be forwnrded to the 
Membership Committee should their applicants be held over for reconsideration a second 
year 
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PREPARATION OF INTERNAL MATIWARl ARTERY 

(a) Length of cntenj detached from chest wad—In our eaily work, the 
greatest numbei of artenes lemamed open and formed anastomoses when the 
internal mammary aitery Mas freed fiom the chest Mall between the fourth 
and sixth inteicostal spaces This pnnciple is still followed, as vie believe 
that when the aiteiy is fieed as fai as the subclavian the risk of injury to 
e a |^ e iy is incieased and its blood supply may be jeopardized When a long 
engt o arteiy is fieed, theie is greatei dangei of angulation, kinking and 
Misting AA e have found many aitenes occluded due to nan owing at a point 
o angulation caused by adheienee to lung, steinoeostabs lmisdes, etc In 
many of these, the aitery, although nanowed or occluded at the site of 
angulation, was completely patent beyond this point Injection of the implant 
c istal to the point of occlusion in such cases has demolishated the piesenee of 
mammaiy-coi onarv r anastomoses 

In human eases of coronaly aiteiy nmrffieiencv, it may lie neoessan to 
obtain a longer poition of the internal mammary aiteiy uhen (1) tlieie is a 
huge antenoi wall mfaiction, (2) the apex is m the seventh interspace, 
(3) the apex moves more than one inteispace on lespnation, oi (4) there is 
left v entneulai hyper tiophy 

(b) Excision of loose tissues in the aiea (sternocostahs, etc )—It is ini 
poitant to lemove the sternocostalis muscles, fibrous peneaichum and m mam 
instances, the mesial fat pad m oidei to prevent the aitery fiom becoming 
adheient to these structuies aftei implantation, with lesultmg angulation and 
occlusion at the point of adheienee 

(c) No-touch technique —It is liardlv necessaiv to lenund an audience such 
as this that dnect handling of nil aiteiy may damage the mtimn, thus forming 
a nidus foi clot foimation One leseaich eentei lepoitmg a series of blocked 
Vmebeig implants, m addition to othei techmcal Choi’s, loutmelv placed 
bulldog clamps on the pioximal end of the vessel 1 It is onr custom never to 
giasp the aitery with an instrument Aftei the sternocostalis muscles have 
been removed, the internal mammniy aiteiy is eased auay fiom the chest "all 
by mseiting a Leahy gallbladder foiceps on the mesial side of the interna! 
mammaiv arteiv and vein In tins wav the internal mammarv artciv is carefull' 
displaced lateially The intei costal vessels aie doubly ligated and tiansccted 
close to the inteinal mammary aiteiv with the exception of the sixth inter 
costal which is ligated and tiansected nppioximately 14 inch awnv fiom the 
vessel (Fig 1, A and B) The internal mammary vein is then scpaiatcd from 
the arterv 

(d) P) esei i ation of penaiterxal tissue —Even attempt is made to P 1 ' c ' 
serve penvasculai tissue This is important because vve think that branches 
which develop piobably lepiesent a giovvrth of existing vasculai channels 
mound the vessel In a senes of animals, we deliberately stripped all tissues 
surrounding the internal mammaiv aiteiv, leaving it completely bare hi 
this gioup of animals the implantation of a completely baie arterv yielded not 
one single anastomosis 
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(e) Honor of end of ariaij —Aitei the mtcieostal aitenes haie been tied 
]>et\\uii tlic fmuth and sixth inehisne (sometimes between the thud and 
sixth) the internal nuiminn aitei' is then eloubh ligated and tiansected 
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between ligatuies xvell bexond the oiigiu of the sixth mtcicostal brand) 
Zeio cotton is used, and the hgatme on the ]no\imal end of the mien is left 
long (Fig 1, B) In placing the cotton ligatuies, caie must be taken to pnxslliem 
behind the aiteiy without touching it, otliei wise, theie is danger of injuring 
that pait of the aitenal wall wdiich will lie within the mYOcaiclmni The 
distal end of the internal niamniniy aiteiy is closed, as we belieie that there 
is a bettei chance of neiv xessels gioxnng out fiom the side ot the internal 
mammaiy aiteiy when theie is a stiong lateial thiust which occius ns a result 
of the blood column striking the occluded end of the vessel 

PREPARATION OF PERICARDIAL FAT PADS AND EXCISION OF FIBROUS PERICARDIUM 

After the internal mammaiy aiteiy is piepaied, the three peiicarchnl fat 
pads, each wnth its scpaiate blood supply, aie piepaied by dissecting them 
away fiom the anteio-mediolateral surfaces of the fibrous pericardium 
i espectivelv, as shown in Fig 1, C and D The fibrous pericardium is then re¬ 
moved, starting lateially, postenor to the apex, as shown m Fig 1, E It k 
neeessarx to dissect the phrenic neixe and xessels free m order to excise the 
fibrous perieaidium lx ing beneath them 

Wrorucj Atvcj lg- 

cmc) u. la. tio xx otv, 

atu5u.la0.0tv. \ l XS(LaU ta.tujjrv.Ual atujlo 

eTx.trcm.ee to 


FIr 2—Internal mammarj arterj Implantation (anteroposterior plane) 
TECHNIQUE OF IMPLANTATION OF INTERNAL MAMMARY AKTERV 

(a) Site of implantation —It is necessaix to find a portion of the m' n 
caidium on the anterior wall of the left xmntricle which is not seaned, so t a 
the mvocaidial tunnel wall be made into leasonably healthy muscle In ^ 
expenence, this has been possible m eveiy instance Recently we hate * 
two cases with extensile antenoi wall mfaictions in xvhich the oiilx hea 
myocntdium left on the antenor siuface of the left ventucle was at the > aS0 
close to the dixision of the left coionarx artery, into xvhich the aiteix w 
placed 

(b) Length and direction of tunnel —We haxe found that the most satis 
factoix length ot tunnel is 1 inch It it is made longer than this, thcie^s^ 
tendenex foi angulation to occur in the anteroposterioi plane (Fig -) 

xx ill icsult 111 occlusion of the arterx at its point of entiance into the heart 
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The dneetion ot the tunnel is likewise important and must he designed 
1lt JZ emulation m the lateral plane (Fig 3 ) The arteiv must entei the 


lie ut at 
planes 


muiaimn m me ' ■- , 

tangent avoiding acute angles m the lateial 01 anteiopostenoi 
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d-ivwctAOtv. of tuxocozX 


correct 

d-VnZC.tA.OXV of tlAXVXVel. 


fib 3 —Internal maminan artery lmplnntntlon (lateral plane) 


(c) Method of mal mg funnel —A traction sntiue of Xo 10 cotton is placed 
at the most distal point of the pioiected tunnel m the seiticnl axis of the 
Ik irt pnallel to coionnn sessels This is tied looseh so as not to occlude 
am small cessels Immedinteh proximal to this ti action sutme the epi- 
cardium is incised with a pointed scalpel (Fig 4, F ) A cuiwed mosquito foi- 
(ops is passed tin ough the opening in the epieaidiuni, and thiougli the m\o- 
i iidial u ill for 1 inch At the point of its emergence the foieeps is spiead 
wideh to make sure that the entrance to the tunnel is suffkienth wide so as not 
to (district the arten when it is pulled into position (Fig 4 (?) 

(<1 ) Depth of tunnel —4Ve lime found that the gieatest. nunibei of anas¬ 
tomoses line ocunred when the alters is linhedded close to the endocaidium 
lime is howeser dancei ot opening into the left lentricle with possible 
thrombus formation and foi this leason we place the arteri appioximateh 
m the middle of the left s enti lcular w all 

(e) h ntrancf to tunnel—he makmc the tunnel In means of a mosquito 
toreeps it is import int to spreid the forceps wideh before pulling the cotton 
suture dt idled to the internal mammars ,iitci\ through into the tunnel This 
stutrtuN tlu mustU fd>ers which will sturound the implanted sited In a 
vuis ot amtnds wi cut these fibers md found lesultant sear form ition and 
oMlusmn q this lew itmn ’When the fibers are stretched In widening the 
mosquito lumps the amount of sc ir lormatmii at the entrance to the tunnel 
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appeals to be minimal This is a veiy important technical point Too narrow 
an entiance to the tuimel mil occlude the aiteiy immediately This lias been 
pioied In placing a cannula in the end of the aitery aftei it has been pulled 
into the myocaidial tunnel and legistenng the piessuie When the entrance 
to the tunnel nas too nanou tlieie mas no flou through the niten This was 
leliei ed immediately bv m idening the mouth of the tunnel 
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Fig -I —Show f the method of maklnp the mjocardial tunnel and implantation of 
mammarj arter\ with placement of pericardial fat paas. 
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(f) Firth intercostal artery cut hid mth infernal mammary artery nail— 
Before pulling tlie arten into the myocardial tunnel, the sixth intercostal 
nrten which is dehberatelv left long is cut mth a pair of cnined plastic 
sensors flush mth the arten wall Sometimes the arten is m spasm and does 
not bleed It is necessan to he sure that the adventitia aionnd the mteicosta 
is will rimmed and that an adequate opening can he seen In eailv experi¬ 
ments the sixth intercostal mas seieied and left long This mas abandonee 
because we had evidence that the long inteieostal arten tended to curl up in the 
ini or ardial tunnel and theiefoie might not remain open as frequently as when 
U was seiered close to the main icssel (Pig 4 II) 

(gi Fixation of artery— The internal mammal' arten is pulled into the 
tunnel until it piojects fiom the distal end The fixation cotton sutuie is then 
tied around the internal ntammaiv aiten thus securing it m its new position 
Vin often there will he cnnsidetable bleeding fiom both ends of the tunnel 
this bleeding mines tmm the sixth inteieostal \essel and will ei entuallv stop 
(Fig 4, I) 

(h) Tv id of artery —Xot infiequentK the alters aftei it has been severed 
twists upon itself and cue must be taken m pulling the aiteiv into the tunnel 
to nuke (crtain that it is not twisted The cut ends of the catgut sufuies on 
tiu lntormstnls will indicate quite deailv how the aiteiv should lie 

IIFMOWLOI FPIC'RDILM VXD UPUCVTION OF PER 1C \RI)I \L FIT P'D CRAFTS 
DIRECTLY TO M'Ot'KDI'L MUSCLE 

It should be pointed out that in human patients we no longer wiap the 
internal ninmman aitm in the mesial pencaidial fat pad Sometimes this 
[ud m man (unlike m annuals 1 is a era fibious and tough and max uijnre the 
uteri Theiefoie this stiuctuie is leinoxed completely, as shown m Fig 
4 l Following the implantation of the internal niammaix arterv, an attempt 
is made to lemo'c portions of the epieaulium oxei the anteiolateial and 
posterior surfaces oi the heart (Fig 4 1) Tins usual!' can be done b' means 
ot i fint VIlls fm ups and sclssois The epuardium usunlh is lemoxed onh 
Ik t"un imwnn xcssels Aftei this has been done the fat pads aie sutuied 
togithcr so as to lie in contlet with the bare mvocardmm (Tig 4 A") When 
the lung is k expanded it is neecssau to make certain that it does not angle 
tlu iitn\ The chest wound is closed md the thoiax di,nmed 


CONDITION OF TfIF 'l'OC'KDUM 

Time is a \ ist elitTereine between skeletal and nnocardml muscle The 
muu irdnim is mm]>osed of i spongehke netwoik of icssels When the m- 
tcrml mammal' irtei' is pined m the nnocaidmm it is placed theic with 
an open bleeding sixth mUreoxInl 'essel The blood Horn this cessel goes 
mto th, tunnel md disipp.ars \ hemitoma is nem fonned In the heart 
"" ,n ,N M’oiige like ell meter ble.e.,1 eoiitniues to fleew down the internal 
m immar' irUrx md out through the slit m its wall thus keeping the arten 
w,W 11 1,,r,n '’ ,K " 1 "'»»hcs winch join With the eemmi,' arterioles 
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around it It is oui belief that, m making the tunnel, myocardial sinusoids 
descubed by Weatn aie broken mto, and it is into these that the internal 
mammary artery bleeds (Fig 5) 



Fig 5—Mechanism of internal mammarj artery branchine within the m5C| card 
Sketch showing myocardial sinusoid Ij Ing between myocardial muscle bundles into wn'cn 
Internal mammary artery is placed The myocardial sinusoidal spaces are In contact 
arterioles and capillaries the latter lying between muscle fibers 

This is a most important point, which is well shown m the follow ing 
sections These weie made thiough the site of implant m a human case of 
angina decubitus opeiated upon just after the meetmg of this Association last 
veai, the patient died fiom a penicillin reaction eighty-two hours after opera 
tion At the time of opeiation, ceitam members of this Association nere 
piesent and the question was laised as to whether the arteiy would remain 
open, as it was not bleeding at the time of implantation At autopsy, the m 
temal mammary arteiy was injected with India mk The ink was seen to ovf 
thiough the -vessels of the left rentucle Fig 6, A shows a slit m the arten wn 
wuth India ink m the space suriounding the vessel Note that there is no 
hematoma Fig 6, B shows India ink in the myocaidial arteiioles Fig > ^ 
shows the ink in laige spaces lymg between muscle bundle groups 1'ig > 
shows that the India ink has leached the capillaries which lie between muse c 
fibers It is logical to assume that, if India mk injected into the implnntc* 
internal mammary aitery eighty-two horns aftei operation reached mllSC 
bundles and capillaries, blood must have been flowing along the same pa 
ways This, w'e think, is a factoi m preventing the aiteiy fiom becoming 
blocked 

MYOCARDIAL ISCHEMIA 

When myocardial ischemia is piesent, theoretically it should stimulate the 
implant to branch and theieby mciease blood fiow r down thiough the 
planted aiteiy, helping to keep it open Comeisely, if theie is no need 
the implant, the rate of blood flow' through it decreases, theiebj fn'° rin = 
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occlusion l,v thi ombosis or mtimal proliferation. In pievions publications^e 
base reported a mm»n -coronan anastomosis rate of ( 1 pei cent m isch 
hearts as compared with 46 per cent m normal hearts (Table I) 

T vbix I FiEQrr.NCT or Mam.maty Cofosaey An ystomosis 
STANDARD VrCEBEFG IHPLAXT 



no \«ycs 

aatefiof | 

DESCENDING 

BRANCH 

UCATI0N 

SUFVIVF.D 

WITHOUT | 

infvfct 

I 

VFTEFT | 
OPEN 

ANASTOMO 

SIS 

\OFM vr 

HUM T 

i 0 (Ainol>erp) ^ot <\ont - " 0 1 

I a (Xiioff) 6 2 i r s 

II (Miller) 11 3 i ‘ = 

(Butler) 13 5 _ 2 - h— — -prrrrTY— 

Total 

~ "30 10 (309c 1 13 3o (6a7c) 18 (4b /f ) 
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"'mail 
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3 (100%i 3 (607c) 

Large 


Tot tl 


’1 


16 (76%) 15 1717c) 


In ttii-t tulilt fimire-t are ehown to IntHcale how 65 per cent of implanted Internal mum 
mti-j artrr|t« nmnlnetl optn when place<l In normal heart* and formed ana*tomo«e* in 46 per 
et nt IMnn the arter} twit placed fn («cltemic heart* the xe* c els remained open in 76 per 
ct nt unit fomn-d m tnmiart coronar} an i*tomo*ep In 71 per cent. 

'sow let us t\umne serial histologic sections of internal mammari 
■rtirus plated in normal hearts Here we find as in all implants that the 
portion of tin acvsel distal to its open blanches has a gieatlv ieduced lumen 
is t omp ned to the same \csscl proximal to open branches 

'send si<(ions shown m Fig T .1 and D were taken through a 4-month-old 
mtiind nnmniarx implant m a normal heart The section m Fig 7 .1 was 
taken proximal to tht open brim lies There is some intnnal proliterntion 
How,\,r tin Ktuil lumen is still 70 pei cent oi the potential lumen and it 
mi cams 1 2 1>\ 0 7 mm This is a uood swed aessel capable of delncring a 
lirm quant it \ of blood to the imocardium Fig 7 B shows the same aessel 
disul in the ojiui hr mi lus Tht lumen Ins been l educed to 10 pei cent of its 
potmtul si7< Iluse s,,turns nidi, ite tint m idem left m i normal bent 
, Us ,nl,m 11 > ,rt,hf( throughout Thi extent oi the prolifer Own a arms 
d. pending on whither the s,,1,on is taken proximal or distal to open hr inches 
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P 

Tig C A and B —Internal mammary arter> fn mjocardlum of human cjjse °hronchlflI 
decubitus This patient died efghtj tv\o houis after Implantation from Intmcia W* 

spasm following: a penicillin injection \t autop*} the Internal mammarj ari j *ur 

jected with India ink A Note the slit in the arterial wall with India ink 
rounding - the \esscl There is no hematoma B Note India ink filling the arten 
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Figr 7 —Serial sections taken through site of Implantation of an Internal 'hnuiclH* 

placed in a normal heart four months pre\Iousl> A Serial section proximal to op^ -p per 

lying within the myocardium There is some intlmal proliferation Actual lumen ^ to 

cent of potential, and measures 1 2 by OB mm B Serial section of same 
open branches Lumen has been reduced to 10 per cent of its potential size 
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The sections m Fig S -l and « mcic taken fiom a 5S-weck-old unplant lett 
n. a normal hem t Fig 8 A shows a section taken lost pioximal to the branching 
„f the internal numraan aitoiv In this 5S-week-old implant left m a nounal 
bom t lntnnnl proliferation has dee eloped pioximal to the open blanches, re¬ 
sulting in a niaikedly reduced lumen which amounted to 20 per cent of its 
potential The actual measmements of this lumen were 0 5 bv 0 42 mm In 
Pig b B taken tlnough tbe arterv lieaoud the open brandies m tbe same ani¬ 
mal the lumen is eomplcteh occluded In these animals no attempt was made to 
promote mvoeardtal ischemia The implanted internal mammar\ aitenes wrere 
m eompetition with normal eoronarv vessels The pressure difteiential between 
the implanted internal mamman arteiv and the smrounduig mvocardial vessels 
was not great enough to maintain a rapid flow of blood through the implanted 
arteiv The resultant intimal prolifeiation gradualb diminished tbe size of or 
eomplcteh occluded tbe lumen Tins process is veiv smnlai to that which 
ou ms in otlui unused vessels m the human bode such as the ductus arteriosus, 
eti 


ISCHEMIC HEART 


Fxaniiiiatioii of senal sections taken tlnough the internal mamman aiteiv 
pitted m ttt tsehenne heart shows that the art err proximal to open branches 
is pruticnlh free of mtimal ptoltferation The mtimal pi ohf eiation how - 
itci is defimtelv present distal to open branches as is demonstrated bv the 
sciturns shown in big 9 which were taken foui months after implantation and 
tin co months after ligation of the antenoi descending branch 

The section m Tig 9, .1 taken just pioximal to branching, shows no mtimal 
proliferation of the implanted tesscl Fig 9, B shows the implanted arterv 
distal to the branches Note how the aiteri m tins location lias been almost 
eomplcteh occluded 


The si/c of the implanted internal ninnimaiv arterv has been outlined bv 
digestion casts m seven annuals m which tbe internal nianunarv arteiv was 
ten it cl to cam the load six weeks attei implantation due to ligation of the 
interior descending bianch at this time These nitones were then studied 
Inc six and seven months after implantation Fig 10 outlines tbe size of the 
bum n of such an aiteiv along with its blanches seven months aftei implant a 
tn.n It is elcirh as huge as a majoi coionaiv vessel The amount of blood 
earned bv tins arterv to m ischemic heart his been found to be 27 6 to 29 c e 
pu minute It is ,leir assuming that the aiten has not been damaged or 
anuled that the freejmnev ind duration of anastomosis is related to the 
conditions of the soil into which the arterv is implanted In human eases of 
•ormnrv irtcrv insiiffieurn,v the sod theorcticalh should alwavs lie fivor- 
" ' " ,1U1 tlu> irt,r ' ls P'ued in muscle uul awnv fiom a scar It is mtercst- 
mu to not, that of 0 human patients who have died following internal manimnrv 
ar m .m,d mtatmn , did ten houiv to ten devs aft, r operation, G had open 

Tlm1 ,s 1 rl,P of S ' ,T 1 ,CI t- appioximntch the pciccnLe 

-i ,oronnrv mnstmuoM-s th ct hive nmimd m animals Tin one artmv whuh 

r,mriT iumhu,'dots ' ,H ‘ 50 “ m ,rkCtl Cle ' n,IOn 01 thc ,oft diaphragm 
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Fig S—Serial sections taken through site of Internal mammarj arterj Implant 
a normal heart for flft\ eight eeks A Serial section proximal to open branched;,. of the 
intlmal proliferation has greatlj reduced the lumen of the \essel B Serial secuui 
same ^ssel distal to open branches shoeing the lumen practlcallj obliterated 




I Ip ^ —Serial portion studios of Internal niammarj arterj placed in Ischemic heart in 
imltiml No lCi Sections were taken four months after Implantation and three months after 
Mention of anterior do<*cendlnp branch A Serial section taken just pioximal to branchinp of 
the nrb r> within the mjocnrdlum There is no or little lntlmal proliferation at the end of 
four month** B Same 'Cssol distal to branches which join up with coronarj -vessels £so 
marked proliferation w 1th decrcaso In size of lumen 
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At piesent, as m the past, yve aie striving to increase the mamman 
coionaiy anastomosis late 

At the suggestion of Sir James Learmonth, yye haie tiansected the left 
subclavian arteiy distal to the internal mammary aitery It is implanted into 
the left ventricle with many slits in its sides, from which blood pours into the 
myocardial tunnel The yalue of this modification of the implant procedure 
is not yet established and, theiefoie, has not been used m the tieatment of 
human cases of coronary arteiy disease 



Fig- 10—Digeatlon cast made by injecting the Implanted Internal rnan J^’® r t„ nc i,. Flo"' 
months after implantation and fUe months after ligation of anterior descending n 

rates through this arteo into the arterioles of the “ventricle ^ere 2i 6 to ^ 


minute 


RESULTS 

Mortality —A total of 45 patients suffenng fiom coionai' aitcn m 
sufficiency ha\e been tieated by internal mamman aiten implant'd 1011 
the 33 patients yvho had no angina at lest, there rveie 2 deaths, n mortal 
late of 6 6 pei cent In the 12 patients suffeimg fiom angina decubitus, t 
hay r e been 7 deaths, a moitality late of 58 3 iiei cent The moitalitv i fl e 
the entne group yyas 20 per cent (Table II) 

Table IT Summary of Mortality Rate is 45 Patients With Coronary Abtbu 

SUFFICIENCY TREATED BY INTERNAL MAMMARY ABTERy IMPLANTATION _ 



NO OP PATIFNTS 

DEATHS 

yfOKTVI IT1 l-'P 

I (TER cr NT) __—. 

No angina at rest 

33 

2 

0 C 

5S 3 

20 __ 

Angina decubitus 

12 

7 

Entire group 

45 

9 
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Deaths Occurring Befoic Operation (Table III )—It is intei estmg to cora- 
pe the opeiatne moitalitv with the mortality late omunng liefove opera¬ 
tion IVe have had 3 patients die in the hospital and 4 ontsule the hospital 
v,hile ayaitmg opeiation. A total of 7 patients died awaiting operation 
there was a total of 9 operative deaths Almost as many patients haye died 
awaiting operation as ha\ e died postopei atively 

Table HI Deaths Occurring Before Operation 

Three patients have died m hospital from acute coronarv occlusion and infarction while 
awaiting operation 

Four patients have died snddenlv outside hospital while awaiting ndnie-sion for operation 

Total deaths awaiting operation ~ 

Total operative deaths out of 45 cases 9 

Almost as ninnv patients have died awaiting operation as have died post operatively_ 


PREOPERATIYE CONDITION OF FORTT-FITE PATIENTS WITH CORONARY ARTERY IN¬ 
SUFFICIENCY TREATED BY INTERN AL 31 AM MARY ARTERY IMPLANTATION 

Results —An analysis of the condition of 45 patients prior to opeiation has 
been made Table IV shows that 78 pei cent weie not working and that the 
othei 22 per cent were working and using mtrogheenne Fiftr-siy pei cent 
could walk no more than 200 feet, and 44 per cent show ed an aveiage of 
seventeen steps on the two step test Fiftv-tluee per cent of the patients showed 
dvspuea and 53 per cent showed marked fatigue Eiglity-fom pei cent had had 
one or more mfaictions 


Table It' Covumos of 45 Patients With Coronary Artery Insufficiency Treated by 
Internal Mammary Artery Implant 


Not working 

I to 4 a ears 
1 to 11 months 

Working (with nitrogh eenne) 

1 to 300 tablets weeklv 
Exercise tolerance 
0 to 200 feet 

Two step (average, 17 steps) 

Dispnea 
Orthopnea 
Marked fatigue 

One or more previous infarctions proved 


34 

(7S<7c) 

n 

(22%) 

25 

(56%) 

20 

(«%) 

24 

o 

(53%) 

24 

(53%) 

3S 

(S4%) 


Forty Cases of Human Coronary Artery Disease Folloued Six Months to 
Four and One-half Years The lesnlts of 40 human cases with advanced 
coronan arten insufficiency, treated bv internal mammarr arterr implantation 
and followed from sly montlis to font and one-half rears smee operation are 
shown in Table V 

There weie 30 patients who had no angina at rest Of this number 23 (77 
per cent) were totalh disabled prior to operation Twentv-eight survived the 
operation and 16 (i, 2 pm cent) had no pam or slight pam ' In 4 (14o per 
ecu ) he pam was less Those inti, no pam or slight pain totaled -0 711 per 
com o dm group) There were 7 patients who wore the same oi worse T^nt - 
three (,, per cent) of the group burned to woik aftei operation Tims is a 

complete merval of their condition before operation This is a 
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Tablf V Results of Coronary Arteta Irslfficienca Treated b\ Internal JIamjuet 
Artfra Implantation in 40 Patients Folioueii fei\ Months to Four and One iulf Irjis 



BEFORE 

; OPERATION 


1 . 


AFTFR OPH 

vnoN 



NO OF 
PVTIENTS 

TOT\LL\ 

DISABLED 

SLR\I\ED 

NO IAIN OK 

SLIGHT PAIN 

I FSS 

PAIN 

SVME or 

^rorsE 

PETCENDi 

TO N70CK 

No angina 

30 

23 (77%) 

2S (93 3%) 

16 

(57 2%) 

4 (14 2%) 

7 (25%) 

23 (,/%) 

at rest 

Angina 

10 

10 (100%) 

5 

1 

\ / 
714% 

3 

1 

3 


decubitus 

Four patients with no angina at rest ha\e died months to i ears after operation 

Twenti four (S5 7%) of tin*- group are still alne Eighteen (042%) have no 
pain or less pain Nineteen (07 S%) still work 

No change in the angina decubitus group 





YIXEBEKG 1XD BUIJ-ER M UH11RY-C0R0X WY AX 1ST0M0SIS J 

Your attention is drawn again to the fact that 23 (77 per cent) weie totallv 
disabled prior to opeiation, and 23 (77 per cent) retmned to work after 
operation 

There have been 4 late deaths in the no angina at rest gioup months to 
rears after operation The causes are listed in Table YI 

Twentv-four patients (85 7 pei cent) of the gioup aie still alne and IS 
(64 2 per cent) have no pam oi less pain while 19 (67 S pel cent) still work 



, ige 60 ,iard t 

’ Ir=edl»t*ly after ererciss- 

25 tices 2 step in 130 seconds 
I Satrt of pain in chest. 

i rjidJ-.TL.r-h 

~: L |* ' 


Dr Vinegars 
5 nln after exercise 


t’ -4—1-4- -V - -1 
\ - 1 k- 1 - j_j J , i , i 


,r 

TZTT-i_ 1 



>n Jun.'jc ,o ua.r nw'ntTn'w 1 ' a ? e p ' ,U '- nt t In Fir 11-1 „ 
unl *'« "nUicutnr bun lie brunch blwh. sccondj ^orv Oc%elopi 


etttrcicA tolerano. 
of fra in <]\£-pnen. 
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Table VI Causes of Late Deaths Following Internal Mammary Artery Implantation 
in 45 Cask of Coronary Artery Insufficiency 

One case (tlurd patient) liad steady increase m pain, Died four years postoperativelv of 
aplastic anemia (artery had pulled out of heart) 

One case, totally incapacitated preoperatively, worked one and one half years, died from 
rupture of old heart scar while pushing car out of snow 
One case, totally incapacitated preoperatively, ran a cattle ranch for two rears, died three 
years postoperativcly after riding horseback 

One case, error m diagnosis Large anterior scar, right ventricle, left ventnclc normal, 
artery placed in left ventricle, no improvement, steadilv worse, died slt month" 
postoperative!} _ 


ROTAL VICTORIA HOSPITAL 
DEPARTHEHT OF CAKDIOLOGT 


Date_Jgo_i2/55_„ A «e_§l__Service_Dr 1 Vin5berg < 

After exercise( 50 times on 


2-step in 240 sec) No pain or 
shorthess of breath. 

(-S t~- L~ l-“l II") _I ~ 


V 


After further exercise (22 times 2-step lr 
SO xec Shortness of breath. 



ufc+f "-UL IS~T 


V 5 




Ftp 12—Electrocardiogram of patient in Fig 11 six months aft ®r Increase In ever 
arteri Implantation Patient Is free of pain Rnd djspnea Note tremennoo ■ block- 
cise tolerance without the derelopment of pain or left ventricular bundle Drn 


In the angina decubitus gioup tlieie iteze 12 patients, all totalb ,sa 
Fne smrned opeiation, 4 aie implored, and 3 hare ictumcd to woih , 

Om icsults m the tieatment oi coionai \ niteiy insufficiency hj 1I |, cl j- orf 
mammary at ten imjilant aie as you can see, most cnconiagmg 
concluding, r\e should like to piesent a lathei typical case 
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lira SL G, aged 60 rears, was first admitted to the Boval Victoria Hospital because 
of »e\ ere angina m November, 195? Her exercise tolerance was limited to twentvfne 
steps in 120 seconds before she developed pain and drspnea Electrocardiograms taken at 
the height of the pain showed left ventricular bundle branch block. There had been a 
historv of peripheral edema and, because of the dvspnen, our medical group preferred not 
to -object her to operation In Tune 1951, this patient had to stop working because of her 
innbilitv to walk one half block She was readmitted to the hospital where a second 
exem-e tolerance test showed, once again, a limit of twentvfiie steps before the onset 
of pain and dvspnea Again, the left ventricular bundle branch block was shown on the 
ECG at the height of pain (Pig 11) In lull, 1954, she received an internal mammarv 
nrterv implant, and returned to work in September, 195-1, free of pain and with a markedlv 
increased exercise tolerance The dispnea had disappeared 

On Tan. 17, 1955, this patient was re exercised and after fiftv steps m 240 seconds 
there were no pain, no dispnea, no increase in heart Tate, and more important no 
evidence of left ventricular bundle branch block) Because the pulse rate had not gone 
up she was immediatelv re exercised at a faster pace After twentv two steps m eight! 
seconds, «he developed slight dvspnea There were, however, no pain and no evidence of 
left ventricular bundle branch block (Big 12) 

It is our opinion that there is some objective evidence of improvement in this case’ 


SLinilRY 


The technique of mtemal iuamraan aiten implant is gnen and some of 
the factors which favot mammary-coronai v anastomosis ate discussed 


Evidence has been piesented to show that the fieqnenei of mammaiv- 
eoionaiv anastomosis is dependent upon (1) technique of the piepniation of 
the arterv (2) technique of implantation, and (3) the condition of the mvo- 
cnidmm into which it is implanted The duiation of the anastomosis is de¬ 
pendent npon the need for it Wheti the internal mammaiy niteiv is placed m 
ischemic animal heaits tlieie is a mammaivcoionarv anastomosis late of 71 
pei cent In 7 human eases examined ten horn's to ten davs aftei implant, the 
arten was found to he open m 71 pei cent 

Intimal piolifeiatiou occuis to a slight extent m all implanted internal 
niamman arteries This howeiet meieases when the blood flow thiough the 
uteri is slowed Thus in the same implant intimal pioliferahon may be 
absent proximal to open blanches and lerv marked distal to them 

When an arten is placed in an ischemic heart, theie is piacticalli no 
lntnml prohfention pioximal to open branches 

The mortaliti late of 45 patients tieated bv implant is gnen and the 
11 suits in 40 patients tollowed six months to foui and one-half rears aie pre¬ 
sented The results in the treatment of human cases of coionarv heart disease 
are ion sitisfaeton Seienti eight per cent of the group weie not workiim 
puor to surgeri and 77 per cent hare returned to work 


Thu patient- reform! to hn\e been operated upon at the Roial 1 wtnnn t i 

»a «» imum. c„S“: 


W< \u-li to ixpro-s our appreciation for the 
l ' ( WWtUtin of the Bepnrtmcnt of Pnthologi 
Mmlloux, of the Institute of Cnrdiologi, Montreal ’ 


assistance of Hr- G Inman Buff and 
Bo\nl Victoria Hospital, and Br Rene 
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Discussion 


(Papers bt Leiohninger, and Viaeberg and Builer) 

DR FREDERICK R HAUTZ, Cleveland, Ohio—The crucial proof of the success of 
a procedure designed to increase collateral blood flow to an ischemic segment of mro- 
cardium would seem to be the actual demonstration and measurement of increased blood 
into the area under physiologic conditions approaching the normal In 1941, Beck and 
associates, in carefully controlled experiments, showed that abrasion of the heart one to 
three weeks prior to descending ramus eoronan artery ligation reduced the mortality 
from a well established control yalue of 70 per cent to 3S per cent, and appeared to reduce 
the degree of infarction in the suryiyors Critics raised the question as to whether factor! 
other than improyed circulation might be responsible for these results 


In 1937, Gregg and I postulated that the events taking place nothin an occluded 
coronary artery should give the best indication of the dey elopment of collateral circula 
tion and also proyide a means of determining the exact sources of the blood At that time 
«e yyere able to demonstrate the spontaneous development of collateral circulation follcming 
occlusion of coronnry arteries, both by acute ligation and by progressive partial occlusion 
m stages It was thought that this yyould serye as a base line for the study of procedures 
designed to augment the spontaneous dey elopment of collateral The amount of collateral 
that dey eloped yaned greatly from little or none in some instances to what might be 
termed a massiye collateral m other instances The amount of collateral floyv seemed to 
yarj my ersely with the degree of infarction In these instances the pnniarv stimulus to 
the dey elopment of collateral appeared to be arterial obstruction with resultant hvponn 
of an area of myocardium No effort yvas made to augment the development of the 
collateral, although the effect of surgical exposure of the heart for the purpose of occluding 
the coronary arteries remained as a factor to be evaluated 


In trving to establish the source of the collateral, two thirds or more could lie 
definitely shown to come from the unoccluded coronary arteries AVe did not sueceed^m 
tracing the source of one tenth to one third of the collateral, except that the quality of 
blood was indistinguishable from arterial blood on the basis of oxygen and car 
dioxide content Some of it, no doubt, came from the septal artery and the remainder o> 
basal extracoronari anastomoses These findings were in agreement with the ana o 
observations presented to this Association in 1937, namely, that hj far the greatest 


crease in size of collateral channels was in the intercoronarv annstomoses 

The importance of Dr Leighnmger's work rests upon the fact that he has «Iioyvn^^ 
retrograde blood flou studies, that factors other than coronary arterial obstruction ^ 
significantly increase basic arterial collateral floyy, namely, abrasion of the epicar 
chemical irritation of the epicardium, and partial coronary sinus obstructon This w 
beautifully complements the tests of benefit previously used bv Beck and a "° 
namely, (1) reduction in mortality and (2) size of infarct Dr Leighnmgers ' ^ 
clearly inyalidntes any hypothesis that the beneficial effects of these procedures 
fortuitous or are the result of factors other than improyed collateral circulation 

AVe can noyy sai without reseryation that the studies presented by Dr Leighnmg^ 
proyide the crucial proof, yyliich our medical colleagues hnye so long deman e , ^ 

collateral nrtennl floyv to the myocardium enn be increased by surgical methods in 
of actually measured blood flow under normal circulatory conditions 


DR ALFRED GOLDMAN, Beyorh Hills, C alif —(Slide) I 


wuh to show andlj" 

method for augmenting coronnr\ circulation which we hn\e been «*tud\ing cvpennicn 
m (logo This method iiwohcs the transplantation of a U shaped arterial £ rn ft 0 11 
through the m\ocardmm <*0 that the multiple openings in the graft simulate the t ic 
sinusoidal luminal s\<*tcm and coronnr\ blood from the left \cntriculnr cn\it' to it 
cardium 


ID ' 0 
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^Udel Tins is a method of evaluate the *tre of the tnfarets -hen the dog- nre 
challenged after being prepared two month* previous with the grafts Challenge consis 
of lwatioa of the anterior defending coronarv arterv 

t^lide) This is the method developed bv Dr German Strands for measuring the two 
diameters of the infarct* Here are the sections from which the diameters are measured 
The *lice* at right angles to the anterior descending coronarv arterv are - to o mm 
thick. The third dimension, or X number is estimated from the character and extent of 
the tnfarcted mvocardial thickness When the diameters of the infnrcted area are com 
pared with the diameter* of the heart itself and infarct ratio is computed and the IK 
index is multiplied bv the X number a numerical value for the infarct size is obtained. 
In our pre=ent prelumnarv stage the infarct size is represented bv the numerical value 
and has not been found to be significant^- decreased. 

(Slide) Here is the microphotograph of the graft in situ showing the lumen of the 
blood ve"el* parallel with the graft 

(Movie) A colored motion picture *howing another method of electrocardiographic 
exploration of the human ischemic heart wa* shown Dr Mvron Prinzmetal ha* been in 
charge of the electrocardiographic interpretation. 


DK T H. WALKER, Charleston W V a—I would like to record mv experience with 
the Yineherg procedure Twentv four patients have been operated upon for coronarv 
m*ufficiencv following mvocardial infarction There has been one fatalitv and thi* was 
pnoT to placing the arterv in the mvocardium There are '23 living patient* One patient 
still require* mtroglvcenne but m much smaller quantities three patients are too Tecent 
for follow up one lia* minimal conge*tive failure IS have had good re*ults In *ome of the 23 
living patient* I have modified the procedure somewhat m that talcum powder poudrnge 
ha* Been used a* advocated bv Dr Thompson along with the internal mammarv arterv 
transplant I cannot see anv definite difference between the procedure n* done pnmnnlv 
bv Dr \ tuebetg or with the addition of pondrage 


DK T D FRVFOGLE Detroit Mich ~I stand in awe and appreciation of the 
wonderful work of Dr* Beck and Leighninger This stimulated me m 1U52, to perform 
mv fir*t Beck II procedure The patient did *o well after being a cardiac invalid, that 
he now makes all our cardiac instrument* There is no question, I think that at least 
for the fir*t ninetv dav* the formation of mtereoronarv channels resulting from a free 
vein graft or direct artenalization of the coronarv sinuses doe* occur Speaking in terms 
of thrombosis which has plagued Dr* V ineberg and Beck for awhile with the vein graft, 
and thinking al*o of the patient s trepidation about a second operation afteT artenalization 
I sought m our own little lahoratorv to arnve at a means wherebv we could accomplish the 
same end with a single operative procedure I would like to show the technique of this 


(^lide) Thi* will orient vou with the tvpical Beck procedure, with the free vein 
graft coming between the aorta and the coronarv sinus 

^lide) \ou do the fir*t part of thi* operation (here is the coronarv sinus and here is 
the free vein graft) Then von take the small guabke instrument a* pictured. To it i* 
attaclmd a '.hcon.zed polvthene plastic cuff The idea of obtaining artenal blood from 
the ventricular mv.tv originated with Dr Thomas CTXeill of Philadelphia This piece 
of polvthtne pin tic i* excellent for the procedure it fit* direetlv over the sleeve of the 
punch and it l.a* an imlmdded *i!h suture in it* neck There are two little special needles 
curved on the end Ton advance the instrument through a sleeve as demonstrated 

(clap.i There i* a simple r ur*e-*tnng suture around the sleeve which controL* bleed 

'zsts. ™ «—- 
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on 23 dogs TIio coronarj sinus is never in the same place, sometimes it is up in the 
auricle wall, sometimes don n in the ventricle wall, and sometimes right over the valve 
itself By placing the finger through the auricular appendage, jou can direct eiactlv 
where in the heart wall 3 ou want to place the prosthesis 

(Slide) Then you place the plastic prosthesis where vou want it, sew it into the 
m 3 ocardium, and tie outside the wall You are now read} to close the graft sleeve and 
cut off the excess 


This is an easy operation to do and it accomplishes a free flow of blood from the left 
ventricular cavity It allows two things that I think are important in preventing thrombo¬ 
sis First, you do not distort, in any way, the coronary sinus Second, you are able to 
tie down the sinus to 3 mm at the time of operation and do not get nipture of the little 
\ enules over the heart wall, as 3 on do when you are obstructing aortic pressure la the 
aorta 3 ou have systolic pressure and diastolic pressure, and I think that the constant 
diastolic pressure is the factor that makes the small venules rapture When vou have 
direct communication to the left ventricular cavity 3 ou have a systolic pressure, true, which 
permeates the heart wall, but a zero diastolic pressure, thus allowing the vein to re't 
This, I think, is the reason we do not get rupture of the small peripheral veins Six of the 
23 dogs have been kept for duration studies These will be reported in subsequent writings 
and I ask that this be accepted as a preliminary report 

DR J L EHRENHAFT, Iowa City, Iowa —Ev er since seeing Dr Vineberg’s wotk 
m Montreal last 3 ear, v\e have been ver} much impressed bv the possibility of creating a third 
coronary artery by vessel implantation into the nyocardium Recent^ we have used the 
splenic artery in dogs for myocardial implantation This vessel is quite long and e«n 
easily be brought up from the abdomen through the diaphngm Obviously, this is onh >0 
experimental procedure that is possible in dogs because the spleen and splenic artenes in 
this animal are very easily mobilized. I doubt very much that this vessel could be use 
in the human patient We have found that those vessels, after implantation, seem to 
remain patent and probably form anastomoses with the other coronaTy vessels 

DR DAVID S LEIGHNINGER, Cleveland, Ohio (Closing) —I would like onlv to 
thank the discussors 


DR VTNEBEHG (Closing) —I wish to take this opportunity to congratulate D* 
Leighninger, whose work I have been following with much interest for a number of veni 
I have had no definite experience with the Mautz and Gregg method of stu n B 
mtercoronary arterial communication In our laboratory manv tvpes of revascu nr 
procedures have been tried, which include attempts at making artificial thebesian cs ° 8 ^' 
cardio omentopexies, pericardial fat grafts, coronary vein ligation, and tale and imp 8 
procedures In 55 animals, where there has been no evidence of revascularization, am ^ 
died in 83 1 per cent of the cases when the anterior descending branch of the left c0 *° 
artery was ligated In 40 animals, in which there was rev asculanzation due to a 1 
mammary coronary anastomoses, there were no deaths , j 0 

In the first group of 55 animals, in which various t 3 pes of operations desigae ^ 
promote revascularization failed to do so, the operative interference in itsolf did no 
tect these animals against anterior descending branch ligation ^ 

Because of this information, I cannot ngree with Dr Beck and his nssociates,^^ 
have indicated that, no matter what is done to a heart, the procedure in itself p r0 
the development of collaterals This statement may be true m part, but certainlv, 
experience with animals, these collaterals were not functioning six weeks to 
after unsuccessful attempts at revascularization in normal animals’ hearts b 3 < 1 
tvpes of revascularization procedures „ 

The coronarv arteriolar tree is divided into three separate and distinct zonC9 jonnr 7 
I) Those zones in the normal heart usually have no communication M ben c0 
artery disease intervenes, or ischemia of the heart is promoted through other 
communications betweon theso separate arteriolar zones dev clop and, in this wav, ^ 
vessels are formed (Fig 2) It soeras to us that this is the only time that 
"collateral" should be used in reference to coronarv artery disease Since coronarv 
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Fig 2—Arteriolar zones (Ischemic diseased heart) 

Tho methods which aim at stimulating; the development of intercoronnrv or collateral 
circulation, such as hat o been described bv Beck and associates, m our opinion are bound 
to fail, because what thev attempt to do has alreadv been done br Kature It has been 
shown b\ main pathologists, including Schlesinger, Zoll, and Blumgart, that OS per cent 
of human cases of coronnrv nrterv insufficient develop extensive collateral pathwav s be 
tween the various artenolar zones Therefore, operations on human cases of coronary 
nrterv lnsufhciencv that are designed to promote collateral circulation would appear to be 
unnccc«snrv, in far ns that which thev are supposed to do has alreadv been done Mhat 
is necessarv m coronnrv nrterv insufficient is a powerful new source of extracardiac 
blood which is brought to the ischemic mvocardium in such a manner ns to bvpass tho 
occluded proximal portions of the major coronarv vessels * 


"Kcfcrcnccs Schlesinger At J An Injection Plus Dissection Stuc 
Occlusions and tnnstomosls \m Heart J IV 528 oGS 193S ‘tchlcsineoi 
\natomlc I’Mtcm to rnlhologlc Conditions of Coronarv Yrtorlcr Vrc 
lMn toll ? M Aomml nnd Pathological Anntomv of the Coronaries 
tuoirj l *9 
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AN ANALYSIS OF FIFTY PATIENTS TREATED BY MITRAL 
COMMISSUROTOMY FIVE OR MORE YEARS AGO 

Robert P Glover, M.D , Thomas J E 0 ’Neill, M D , and 
0 Henry Janton, M D (by invitation) 

Philadelphia, Pa 

I NTRACARDIAC suigery for certain types of congenital and acquired diseases 
is now a well-established and highly successful adjunctive and definitive 
form of treatment The mitral valve, the commonest site of mtracaidiac 
pathology, has naturally occupied the centei of attention duiing these develop¬ 
mental years, foi the lelief of its obstructive effects marked the initial phase 
of this rapidh growing field Whereas eomnnssurotomv for mitral stenosis 
was perioimed with hesitanev and leticence m 1948 and 1949, 1 2 this opeiation 
is now legalded by phvsician and suigeon alike as a loutine procedure, the 
model foi acquned valvular suigerv As its peiformance has become moie 
universally applied, mcieasmg numbers of phvsicians now have a personal 
experience with the pioblems which these patients present A natural concern 
has developed as to the ultimate outcome of patients so treated Many pin 
sicians have witnessed the diamatic and almost unbelievable lesults of this 
surgery in patients for whom there seemed no possible medical hope On 
the other hand, these same physicians have encounteied a numbei of patients 
who have not responded to the same degree and, bv focusing their attention 
on these, have found their initial enthusiasm favorable but somewhat dampened 
A second but infinitely smallei gioup of internists have steadfastly refused 
to believe the reports of patients who describe their impiovement in gloving 
terms pnmanly because, in many instances, tliev cannot substantiate tins 
functional improvement bj objective means Theiefore, m an attempt to 
clarify this state of confusion, it seemed imperative to leview exhaustivelv 
a representative numbei of patients consecutively treated by commissurotomv 
five oi moie vears ago, this span of time representing the longest available 
penod of observation The puipose of this communication then is to present 
m a detailed and painfully statistical manner all available data concerning 
fifty such patients, the fiist of whom was operated upon in January of 1949 
It must be stated m advance, however, that moie than average difficulty was 
encountered m obtaining all the information consideied essential foi this 
analysis because these patients lne in mam paits of the coimtiy Never¬ 
theless, over half the patients have been examined personally (0 H J and 
R P G ) within the past two months and complete information including 
electiocaidiogiaphic tracings and teleoroentgenogiams has been obtained fiom 

From the Departments of Thoracic and Cardiac Surgery of Presbyterian and Episcopal 
Hospitals and the Department of Thoracic Surgery Hahnemann Medical College and Ho« 
pltnl Department of Cardiology Presbyterian Hospital and Department of Medicine Hahne 
mann Medical College and Hospital 

Read at the Thirty fifth Annual Meeting of The American Vs-oclation for Thoracic 
Surgery at Atlantic City N J Vprll 21 to 2G 19eS 
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both parents and attending phvsicians va ^ the^^^mamde f r;im(i find- 

penod To ensure a completely uniform method^ of eP , urgeo u 

Ls ad patients m this senes tone been operated upon 

(It P G) 

VIA SIS OF F VTIEXTS 

Fiftv-one patients nere subjected to surgery the or more 
The first of these is now six and one-half vears postopei ative On^ patient i 
the series was followed for the first two postopei ative rears o 

" Zlln « excellent ^ ^Soufsar 

has ten deleted from tte stndr for her preeent state .vAvteBfontoa* 
nntaotm Of the remanmtg Mtr ttarn-s®. wete tromen and fonrteen mere 
mem The average age at the time of suiscerv was 34 vears 

Status Prior to Admission —There was a definite lustorv of rheumatic 
infection ra tmentr (40 per rent) of these patients Each of the flttr 
mas suffering from some degree of nmetional meapae.tv Theie eras « «< 
of gross hemoptvsis in twentv-tlnee patients (46 pel cent) Twentyse 
patients (54 per cent) had suffered one oi more bouts of congestive failuie 
In six (12 per cent), artenal emboli had oeemred from which a leasonable 
reeoverv had been made 

Admission Findings—'When admitted for pieopeialive and operative 
treatment to oiu hospital services, thirteen (26 pei cent )of these patients 
weie m gioss ehiome eonsestiv e heait failuie Nineteen (38 per cent) were m 
permanent atnal fibrillation 

Prcopcrafne Classification of Patients—As the mere presence of a mitral 
diastolic murmur m an asvmptomatie patient was not then and is not now an 
indication for nutial commissui otomv none of these patients was in Stage I 
(murmur without svmptoms) Five patients (10 per cent) weie snfteimg 
from fatigue and exertional dvspnea hut as these svmptoms had not piogiessed 
matenallv m the preceding veai thex were classified as Stage II (statiealh 
incapacitated) In thirtx six patients (i2 per cent), m spite of continuous 
and rigorous medical management a progressive^- downhill course was apparent 
(Stage III, progiessivelv incapacitating) The lemaimag nuie patients (IS 
pei cent) shoued constant evidence of congestive failuie and as such v>eie 
classified as Stage IT Each of these patients was subjected to the standard 
nutial commissurotonn as described m previous pubhcations 2 4 (Table I) 


Table 1. Function yi. Classutc vnox 
(41 Cavinp Patients) 
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POSTOPERATIVE 
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0 

1 
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O) 
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1 

Total 

(41) 

1 W 

IS 


7 
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K*\ W rlttcn mmitx rs dedtmate preoper-ttive functional statu* Homan numeral* 
a *tcuYte po tap. r>tl\e functional status Number* in parentheses de*ignnte total number of 
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Moitality —Tliree patients died within the first postoperatne month, 
representing an operative mortality of 6 per cent Each of these was an 
adraneed Stage III problem and each was m atnal fibrillation 

The fiist died suddenly from acute caidiac decompensation (the day befoie 
his proposed hospital discharge) Post-mortem examination repealed a moder 
ately calcified valve of yery limited pliability The pievious mitral insuffi ciency 
had been considerablj aggiavated bj the posteiomedial commissurotomy which 
had been pei formed because theie was no anterolateial commissuie, the mitral 
orifice being eccentrical!} placed A moderated seveie but previously undiag¬ 
nosed aortic stenosis yvas noted The second patient died four weeks aftei 
suigen, following a storm postoperatne course complicated hi slowly in¬ 
creasing congestne failure to the point of anasaica The ralve had been 
opened bv finger pressure alone which had caused an inadvertent teal of the 
postenor mitral cusp along its lateral attachment Death was therefore caused 
bv the pioduction of too much mitral insufficiency clearly verified by post¬ 
mortem examination This examination likewise revealed that the superioi 
one-thud of the left atnal lumen was completely obliterated bv a thrombus 
the size of a lemon The third patient died two hours aftei surgery, from 
rrhich he nevei responded His left atnum had been enteied with difficulty 
through a completely obliterated appendage and the tiny calve orifice split 
be finger pressure alone Autopsy revealed that the commissurotomy had been 
perfoimed propeily in the anterolateial commissure without damage to eithei 
leaflet The cause of death was apparently due to opeiatne and anesthetic 
shock Aortic valve disease of the insuffieienc} type y\as found to be present 
Six additional patients died, one at six rreeks, one at, seven months, two 
at two and one half }ears, and two at thiee years following the performance of 
commissurotomy Three of these patients had been classified as Stage IV 
and tlnee were in advanced Stage III All these patients had extensively 
calcified valres whose leaflets were thickened, fibrosed, and nonphable The 
three Stage IV patients vere in a teiminal state at the time of suigei} and 
their deaths are contilbutable to meversible caidiopulmonarv, hepatic, and 
renal disease In a fourth, a pieexistmg mitral insuffieienc} rras aggravated 
hi suigery and this patient went downhill slowl} as is then ryont The ic 
maining tyyo patients had completely inoperable vahes due to maiked calci¬ 
fication and unyielding induration precluding other than an inadequate com¬ 
missurotomy By and large, it can be stated that the cardioy alvular status 
of each of these patients had adyaneed to such a degree of defoimity that 
no surgical mtei yention could be expected to be of lasting y'alue 

Thus, theie yvas an operative mortabty of 6 per cent (three patients) and 
a late mortality yvithm the first thiee postoperatne years of 12 per cent (six 
patients) The remaining forty-one patients aie In mg today, approximately 
fne to six and one-half years postcommissuiotomy and the data on these patients 
yvill compiise the remamdei of this presentation 

Present Classification of 41 Living Patients —(a) Each of the fire patients 
originally classified as Stage II has bred a relatirely normal life to date 
Tiro of these are completely asymptomatic and can norv be classified in Stage 
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I for some slight element of their original diastolic murmur Temams The 
three others have been (conservative^) left in Stage II, foi at times the 
have experienced more fatigue than that which could be considered normal 
and on a few other occasions their exercise tolerance was less than that uhicli 
we expect in a normal person (b) Twentv-nine of the thirtv-fhe patients 
onginallv classified as Stage III are living Eleven of these are completed 
asymptomatic and have reverted to Stage I Eleven additional patients ha\ e 
been placed in Stage II, and six remain in Stage III although tlier continue 
to be functionally unproved over their pieoperative state The remaining 
patient in this group has non been classified m Stage IV, for some element 
of chrome congestive failure remains constant (c.) Quite surprisingly seien 
of the ten patients ongmallx classified Stage TV are living One is completely 
asymptomatic and is m Stage I, four have been reclassified as Stage H, one 
is in Stage III, and one remains in the original classification, Stage TV 

To recapitulate then, in the entire group of fortv-one living patients theie 
are now fourteen m Stage I eighteen m Stage II, seven in Stage III and 
two m Stage TV It is readih appaient, theiefore that, only one patient 
m the senes is now classified at a higher lex el of incapacity than that prior 
to surgerv This rearrangement ot the classification of these patients is purely 
didactic, was made bv ns, and is an attempt to evaluate patients puielv within 
the limits provided b\ the onginal arbitrary stages as published m the past 5 6 
(Table I) 

The Patient’s Classification of Bis Onn Present Status —(a) On close and 
detailed interrogation of the patients themselves, confirmed bv their home 
physicians, twenty of these fortv-one patients (40 pei cent of the original fiftx 
eases) consider themselves to he m an excellent state of health They deny 
svniptoms during the course of all normal activity, although a few will admit 
to some minor limitations should thex exert themselves considerable bevond 
their normal routine of life These patients engage in such forms of exercise 
as golf, dancing, sxvumnmg, bicvcle ndmg, and bowling Eleven of them use 
no medication of anv tvpe, and are on a normal diet Nine liaxe continued to 
use digitalis sporadically Vhen questioned carefully on this point, their use 
of digitalis is in small dosage and on an average of every second oi third day 
Bx classification three of these patients were originally m Stage H, thirteen in 
Stage III, and four m Stage IV 

(b) Sixteen (32 per cent of the onginal fifty eases) consider themselves 
xeiw definitely improxed oxei their preoperative state These patients feel that 
they are living a relatixelv normal life so long as thex stay within certain self- 
imposed limitations xvlneh liaxe been found bx trial and enor to he proper for 
them personallx Thirteen of these take a dailx maintenance dose of dnntalis 
hut three require no cardiac medication A fen of these remain on a low salt 
, to which thex haxe long become accustomed, as thex liaxe stated “I no 
lomror Ime nnx desire for salt ” Foui use Diamox occasionally 

fibxwJrwf th ? C f0m '° nC hYm " patlcnts < 10 T er of the original 
Wtx) regard themsehes as umn.proxed oxer then preopeiatixe state although 

cwh passed through a penod of tno to four xears during nluch he was "on. 
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sideiably impioyed Thev have all rather piofusely expiessed giatitudc foi 
the suigery as perfoimed and liaye stated, possibly euphoucall\, that without 
surgery they would not now be alne Bj classification, four of these patients 
were Stage III and one in Stage IV prior to surgery 

To summarize and to compare these findings, the status of these foi tv-one 
living patients can be stated as follows Accoidmg to their piesent classifica¬ 
tion as rated by us, thirty patients (60 per cent of the entne group subjected 
to surgery) are bettez after five years than they were piecedmg suigen 
Aceordmg to the patients themselves, 72 pel cent (thirty six of the ongmal 
fifty) are definitely better after the years than they were prioi to suigery 

Analysts of Murmurs —(a) Twenty-five of the forty one living patients 
were consideied on clinical auscultatory giounds to be cases of puie mitral 
stenosis Seven of these now have no mitral diastolic muiinui and tinee of 
these seven have no murmurs at all m am of the vahe areas Three others 
have a soft systolic mitial blowing murmui indicative of some insufficiency, 
and one has an additional soft diastolic murmur along the left sternal border 
suggestive of aoitic insufficiency 

Eighteen of the twenty-five still have some degiee of their ongmal initial 
diastolic murmur and ten of these have an additional systolic element that 
was not formerly present 

(b) Ten of the forty-one living patients oiigmalh had, in addition to 
their greatly predominant mitral diastolic nnumurs, an element of mitral 
insufficiency as indicated by a systolic component to the murmur 7 Six of these 
still have a measure of both diastolic and svstolic murmurs In thiee others the 
diastolic murmur has disappeared and is noiv replaced by a systolic murmur 
only The one remaining patient has no detectable murmurs at tins time 

(c) Foui of the fortv-one living patients originally had, in addition to 
their predominant mitral diastolic murmurs, a diastolic murmui along the left 
sternal bolder suggestive of aoitic insufficiency This was presumed to lie of 
adynamic pioportions, for no other clinical signs weie present to substantiate a 
significant degiee of aortic insufficiency Each of these foui cases still letains 
some measure of his mitral stenotic and aoitic insufficiency muimurs Two of 
these have obtained excellent functional results, one is maikedly improyed, and 
the other remains unimproyed 

(d) One of the forty'-one living patients originally had both a mitial 
systolic and diastolic murmui and an aortic diastolic muimur, and elements of 
all of these murmurs are still present although the patient is yen defimteh 
improyed functionally One additional patient of the forty-one In mg cases 
had systolic and diastolic muimurs both in the initial and aoitic aieas and 
still has, but is likewise in an improved functional state 

To summaii7C the auscultatory findings in these patients, only foui of 
these forty-one living patients Inye a completely muimurless heait at this time 
Eleyen liaye lost all evidence of a mitial diastolic murmur Foui teen patients 
now Inyo a systolic niuimui at the apex in the mitinl aiea of yminus degrees 
which they did not liaye prior to surgeiy 
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Fiom a functional standpoint those patients who had a ]uue immmu of 
initial stenosis pnoi to sxugen haic had the best insults Fourteen of these 
twentx-fixe patients aie non excellent, nine aie impioied, and two aie umm- 
pioicd This lesult is a little bettei than that obtained in the ten patients 
u ho were piedominantli mitral stenosis eases but who had an associated sistolic 
component to the miirnun pnoi to suigeiv In this gioup foui obtained an 
excellent lesult, four weie improied, and two were ummproied 

Elect) ocardiograplnc Changes — 

Rhythm There weie twenti-nuie patients in nomial sinus llivthm at the 
time of snrgerv Not mfrequenth atrial fibrillation appealed in this group 
during the earlv postoperatn e period, usualli within the fust four davs In 
nine of these incidences this arrvthmia has lemamed to the present time, eien 
though intensue quimdine therapv was earned out both during the hospital 
star and on one or more occasions thereaftei All these patients, including 
those who are now in atnal fibrillation, have lemamed unproved or excellent to 
the present time 

In the lemammg twehe cases atnal fibrillation was present preopeiativelv 
and has remained constant to date In this group five are unimproved over 
then preoperatne state but the other seien maintain an improved to excellent 
status. 


The P uaie In geneial, the P waxe did not change either m its dmation 
or configuration Occasionally, the high voltage of the P wave, usually noted m 
cases until sustained and marked pulmonarv arterv hypertension, was reduced 
m amphtude after an adequate commissnrotomx 

The QRS complex Theie were ten cases m which, from the QRS stand¬ 
point, preopeiative electrocardiogiam was noimal This state lemamed essen- 
tialh unchanged after comnussurotomv except for slight counterclockwise 
lotation aiound the longitudinal axis 

The remaining tlurtv-one sliowed moderate to marked nght ventricular 
hi pertrophx Tins pattern showed a \arietv of changes In eleven a recession 
ot the right ventricular hr pertrophx pattern was observed and in seven of 
those it completelx disappeared 

In ten cases Lead Vj showed a del ax m the activation time of 0 4 to 0 6 
second These alterations returned to normal within one to two rears after 
commissurotoim and haie remained so to the piesent time 

In the remaining ten cases theie was no significant change m the right 
xentncular hxpertiophx pattern except for slight evidence of a combined 
hi pertropln pattern in one In this individual a dvnamic mitral msufficienci 
is now present 


Pocnigcnogrnphc Findings -Since the inception of this surgical program 
the anticipated roentgenogiapluc changes liaie alwavs been the somce of 
considerable speculation because of the graphic nature of this tvpe of studi * 
H is frequentli rathei difficult to eialuate the ohsened changes m caidiac sire 
° '° thc nnm hostoperatnc x ambles such as pleural reaction, pericardial 
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reaction and adhesions, changes m the patient’s weight, and the lanations in 
Y-iay techniques which occm even m the same institution at diffeient times 
Despite these difficulties the following statements can be made with confidence 



A B 

Fiff 1 —E X Commlflsu rotomy I\o\ 9 1950 \ raj Aims taken (A) before sur^erj 
(Oct 1 J 1950) and ( B ) approximated fl\e years thereafter (Feb 16 1955) This is the 
most dramatic diminution of heart size in this series Twentj four per cent of the IJ\ing 
patients not\ ha\e a smaller heart than before surgerj 


In ten patients (24 per cent) the oier-all heart sue was obuonsh smaller 
(Fig 1) This, of course, lesulted fiom the diminution in size of the right 
lentnclc, pulmonaiw aitery, left atrium, and appendage Nine of these 
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p 0 « ns one - -pec,, hone toned an excellent reanlt and fte tenth 

of rte was t" *‘iS 

Thrs mlargemeM for the most par, nas ,e#ec,ed ,n an nrereased stxe of the 



A. B 

tip 1 —A S Commis5urotom\ June 2' 19-19 The usual degree of diminution In 

cardiac slro noted in ten patients („4 per cent) who«e hearts are now smaller than thej 
were before surpen 4 June 21 191*) B Feb 25 1954 


rentncle and possible the left atrium Rathei paiadoxicnlh peihaps four of 
these patients consider themsehes functionally- impio\ed and one is ummpio\cd 

(r>p 3) 

In the largest group t\\ent\ si\ patients (63 pei cent), theie nm he room 
for rather heated discussion In 0111 opinion these heaits, or at least these 
cardiac roentgenographic silhouettes, remain unchanged There are mnnv 
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uho would aigue both uajs (laigei or smaller) m this gioup, but caieful stuch 
lias indicated that the ovei-all cardiac mass is essentially unchanged (Fig 4) 
The implication of these findings must be ven obvious Wheieas m the 
jears immediately pieced mg suigery all these patients weie showing piogiessnc 



Trip: 3—J K. Commissurotomy No\ 23 1049 In flic patients (13 p^r cent) there 
was some Increase in the cardiac silhouette usuafh to the decree Illustrated nbo\e A >o\ 
14 1949 B March 9 10o4 


culmgement of then c 11 dne chambeis now nulicij significantly 87 pci ccnl 
of these hearts aic eitliei the same sum 01 smaller This is lathei poweiful 
endence of an objectnc natuie to show that suigery has affected the clinical 
eouise of these patients fayorablj 


/ 
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Cardiac CathdcnzaUon Data —It is extremclv unfortunate that the 
eatheteiization studies in this important senes of patients could not hare been 
more detailed and complete The pieopeiative studies iveie made at a time (fire 
to six and one half 'ears ago) when our facilities foi this tvpe of examination 
were limited and pnmitne bv piesent-dar standaids Xei ertheless, all data 



ntie'hnn^Filhouettc^ Indicative 1 or over alf ^rd^c S',® 1 * 8 (G ? £f r cent) thc 

ynelnncMi j Xo\ j jajq B llarcli 3 1054 °' er a “ cardlac ma! ' remained es«entlall) 
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and objectively conoborated the clinical improvement In these two (No 11, 
H E, and No 12, KB), both of whom aie in excellent condition todav, the 
piessme diop was slight in one and the piessiue was lnghci m the second As 
the postopeiative cathetenzation in these was earned out onlv one month 
aftei smgeiv, it would seem that enough time had not elapsed for the secondaiT 
circulation to readjust to its final levels 

Table II Available Catheterization Data 


(27 of 41 Living Patients) 


CASE J 

j PREOPERATIVE 

1 

POSTOPERATIVE 


1 

CLINICAL 

RT VEVT j 

[ PUL 

ART | 

RT VENT 

| PUL 

ART 

1 MONTHS | RESULTS 

i 

J B 

90/17 

(41) 

— 


48/3 

(18) 

— 


20 

Excellent 

2 

E IV 

S 2/2 


84/3 S 


56/1 


63/10 


1 

Unimproved 

3 

Y S 

141/5 

(50) 

143/56 

(85) 

33/14 

(20) 

36/15 

(22) 

15 

Excellent 

4 

T S 

43/3 

(10) 

42/12 

(22) 

27/5 

(12) 

— 


33 

Excellent 

5 

J K 

GO/4 


81/31 


23/S 


24/6 


Go 

Improv ed 

(> 

S G 

42/? 


55/7 


7/4 


— 


i 

Improved 

7 

E M. 

55/30 

(42) 

49/30 

(36) 

2S/0 

(9) 

35/10 

(IS) 

33 

Improved 

8 

V C 

100/9 

(39) 

130/59 

(S3) 

26/5 

(12) 

24/S 

(13) 

21 

Excellent 

9 

G K 

50/2 

(IS) 

4S/24 

(32) 

47/4 

(IS) 

52/23 

(33) 

10 

Unimproved 

10 

XY F 

25/-1 


24/11 


— 


— 


— 

Unimproved 

11 

H E 

06/3 


54/27 


48/8 


48/21 


1 

Excellent 

12 

R B 

36/1 


31/15 


54/4 


— 


1 

Excellent 

13 

G D 

89/0 


87/39 


50/-2 


50/18 


9 

Improved 

14 

F L 

63/0 

(23) 

— 


52/2 

(21) 

— 


16 

Excellent 

15 

H D 

72/5 


78/42 


— 


— 


— 

Improved 

10 

C XV 

37/4 


32/14 


— 


-- 


— 

Unimproved 

17 

A N 


(37) 


(72) 


(2) 


(14) 

61 

Improved 

IS 

M S 

43/3 


48/18 


— 


-- 


— 

Improved 

19 

E C 

04/-3 

(25) 

75/27 

(43) 

30/0 

(10) 

30/10 

(17) 

14 

Excellent 

20 

J A 

-- 


57/44 


24/30 


3S/1S 


12 

Excellent 

21 

E I 

93/6 

(35) 

105/24 

(51) 

24/-6 

(7) 

23/4 

(14) 

61 

Excellent 

22 

A G 

S9/-7 


59/17 


— 


— 



Improved 

23 

M Q 

21/7 


30/-3 


— 


— 


— 

Excellent 

24 

M.D 

32/~2 


30/16 


20/8 


20/6 


14 

Excellent 

25 

H 0 

67/0 


Cb/29 


— 


— 


— 

Improved 

26 

M J 

78/5 


82/35 


— 


— 


— 

Excellent 

27 

I J 

53/0 


G3/26 


4S/0 


36/15 


1 

Improved 


In the fom patients who remained unimproved attei smgeiv, onlv two weic 
catlietenzed duung the postopeiative penod hut neithei of these showed a 
significant piessme diop, again showing ratliei close conelation to the ohseivcd 
clinical state 

Valvulai Findings —It mav he stated categoncallv that in a tight mitral 
stenosis (an onfiee leduced to a size of a cigarette oi less), the more pliable 
the valve the hettei the lesult A pieopeiative demonstiation of valvulai 
calcification has often conditioned the surgeon to he cautious in Ins piognostic 
statements to the prospective patient Some degiee of calcium from a fleck to 
complete leplacement of all valvular tissues was present in twentv (49 pel 
cent) of these patients Although seventeen of these have lemained in a 
defimteh unpioved state to the present time, onlv six can he considered m 
excellent functional condition 

In those twentv one patients (51 pei cent) in whom theie was no evidence 
of valvular calcification, eighteen lemain vastlv impioved to date hut, in con¬ 
trast to the gioup with calcification, fouiteen of the eighteen me consideied 
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to be excellent a veiy decided implement Even so, theie weie tlnee with 
denselv fibiotic valves without detectable calcium who aic essentially unim- 
proved over tbeu pieoperative state 

ReactnaUon of the Rheumatic State— One alums hesitates to make em¬ 
phatic and fai-reaching statements concerning the presence or absence of 
rheiunatic aetmtv m a patient u-ho does not show the full-blown svndiome 
of lheumatic fevei m all its aspects This is a condemnation of the medical 
piofession as a whole rather than a reflection on any of its members foi such 
a diagnosis must be made on clinical rmpiession and experience alone, ns no 
definitive 01 diagnostic tests foi specific recognition exist One of us (0 H J ) 
was the first to call attention to the possible reactivation of the lheumatic state 
following smgen and termed it “ pleuropencarditis ” foi this is the common, 
earlv piesenting symptom-complex of tins syndrome 911 Despite an attempt 
to maintain a conservative attitude toward the existence of this complication, 
it must he stated that in eight of these forty-one living patients there have 
been repeated postoperative episodes certainly to be legarded, even without 
laboiatorv lenfication, as rheumatic activation This represents an incidence 
of 10 5 pei cent The clinical manifestations of these lheumatic bouts have 
included at one time or another all the time-honored stigmata of this disease 
such as evclic fever's, painful swollen joints, taelweardia pnlmonaiy and 
peripheral congestion, and thoracic or precordial pain 'When one appreciates 
that this smgerv is being carried out m a smoldering bed of lheumatic dis¬ 
ease the more significant fact is that all patients do not show evidence of 
mu eased lheumatic activity Be that as it. may, the fact lemains that lheu- 
matie actmtj does occui after surgery just as it does from time to time 
throughout the life of any rheumatic patient, whether suigery has been per¬ 
formed or not It is of interest that in only three of the eight patients with 
postoperative rheumatic aetmtv was there evidence of rheumatic change m 
the biopsied left auricular appendage Thirteen other appendages of these 
fortv one living patients likewise showed rheumatic stigmata but with no 
cluucal evidence of lheumatic activity 


Thromboembolic Data —Despite the fact that the left auiicular appendage 
was traversed in each instance, seven were obliterated bv thrombotic matenal, 
and that approximated half the valves contained calcium, only one opeiative 
embolus was piodueed This lesulted m a complete left hemiplegia from 
which the patient, bv dint of constant perseverance and adherence to a well- 
managed progiam of lehabihtatiou, has obtained complete recoverv except for 
the finer motions of the left hand Clinically this patient has obtained an 
excellent result and is living a normal and useful life This low incidence is 
in some contrast to the embolic incidence as found in our first 500 consecutive 
conimissiuotonues 12 The o\er-all embolic incidence in this larger senes was 
4 4 per cent of which 2 6 per cent weie ceiebral and the remainder penpheial 
here have been no embolic episodes during the postcommissurotomv period 


1 fnccllancoui Postcommm-mrotouu, Medical Ei cuts —To further attest the 
improvement obtained and maintained bv these patients, it is of mteiest to note 
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that a consideiable number of these patients have undeigone uni elated suigeiy 
and other medical eycnts, m some instance of a latliei senous natuic In each 
mstance these haye lieen toleiated without complication 01 detenointion of then 
caidiae status Foui patients ha\e undeigone nomml pregnancies and de 
Ineries, 13 m one instance two such episodes, without mishap to eithei mothei 
or child Two cholecystectomies haye been peifoimed, two appendeetonues, one 
of which was for a mptuied appendix, one hysterectomy and one utenne 
myomectomy, three curettages of the uterus, one hemorrhoidectomy, and one 
patient siuvned a rather severe myocaidial nifarct from which he is now 
leeoveiing nicely As stated, all these opeiations and then attendant anes 
thetics were toleiated without e\idenee of cardiac disability 

SUMMARY AND CONCLUSIONS 

1 The first fifty consecutive patients undeigoing mitral commissuiotomv 
approximatety five to six and one-half yeais ago have been subjected to a 
detailed analysis in an attempt to asceitani their present subjective and 
objective status 

2 None of these patients was m Stage I (asymptomatic), the (10 per cent) 
were m Stage II (statically incapacitating), 36 (72 per cent) yveie in Stage 
III (progressnely incapacitating), and 9 (18 pei cent) w r eie m Stage IV 
(terminally incapacitating) 

3 Theie was an opeiatue mortality of 6 per cent (3 patients) and sub 
sequent death, 6 weeks to 3 years later, occuned m 12 per cent (6 patients) 

4 The remammg 41 patients (82 pei cent) aie living and these have 
formed the basis foi the following conclusions 

5 After a comprehensn e study of each In mg patient, including an 
appiaisal of the patient’s subjectnely lepoited clinical state as well as a 
correlation of the clinical findings, electrocaidiogiaphic tiacmgs, teleoioent- 
genogianis, and catheterization data, we consenativeh conclude that 30 
patients (73 pei cent of those lmng oi 60 pei cent of the ongmal 50) aie in 
bettei condition and lmng a more nearly normal life than they weie puoi to 
suigeiy 

6 Aceoidmg to the patients’ and their family physician's oivn appraisal 
of the picsent clinical status of these 41 In nig patients, 36 (88 per cent of 
those lmng, oi 72 pei cent of the ongmal 50) aie bettei aftei fiye years than 
they were pnoi to suigery (Fig 5) 

7 If one weie to judge the picsent clinical status of these patients on 
the basis of then murmurs alone, it would be impossible to come to any 
defimtne conclusions Only foui of these 41 lmng patients hnie a heart fiee 
of murmurs Eleyen haye lost all endencc of then ongmal initial diastolic 
muimm Fourteen patients now haye a nntial systolic muimui of yarying 
degiccs which was not piesent pnor to suigery Those patients who haye a 
puic muimui of initial stenosis mdicatne of a small mitial orifice (cigarette 
size oi less) loutmely obta n the best results fiom nntial commissuiotomy 
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8 Although the electroeardiogiaphic changes following srngery do not 
routinely show conclusive evidence of lmpiovement, in a considerable percent¬ 
age of patients changes are piesent indicative of a definitive return toward the 

normal 

9 Fluoroscopicallv and In teleoroentgenogiaplue studies, ten (24 per cent) 
of the 41 living patients now haie a caidiac silhouette which is obviouslv sniallei 
than it was pnor to surgerv, 26 (63 per cent) have a caidiac mass which is 
of the same size as that noted befoie surgerv, and m 5 (13 per cent) the heart 
size is obviouslv laigei The significant point lests in the fact that now, five 
oi moie vears after surgerv, 87 per cent of the patients have a heart the same 
size oi smallei than it was before suigerv, whereas ni the rears preceding 
sui gem it v as progress!! eh becoming larger 



40 % 



32 % 


PRESENT STATUS 

Commliturotomy - 50 com followed 
5 yoott or moio 



10 % 6 % 12 % 


20 EXCELLENT 
(2 on digitalis ) 


16 IMPROVED 


5 UNIMPROVED OPERATIVE LATE 

DEATHS 


Fig 5—The present status ot flftj cases In this series followed (lie or more rears 


10 All available caidiac catheterization data parallel and conoboiate the 
obscned functional state of the patient uhethei lie be impioved oi unimproved 

11 In 20 (49 pei cent) of these patients valvular calcification was present 
and the degree of impiov ement in these, although quite satisfactory, was not as 
great as that seen m the 21 (51 pei cent) cases whose valves weie free of 
calcium deposits 


12 Definite evidence of lhenmatic activitv was obseived dining the post¬ 
operative peuod m eight patients (19 5 pei cent) 

13 No evidence of valvular restenosis has been observed in the 41 livum 
patients nor in the valves of those who died in the postoperative period 

14 Onlv one opeiativc embolus was produced in these 50 patients and 
that patient has obtained complete movers of lici left hemiplegia except for 
the rest oi ation of the finei motions ot the left hand Theie have been no post¬ 
operative emboli to date (12 pei cent pnor to surgciv) 

l i ^ There is no question in oiu nnnds but that commissniotomv has been 
of untold value to the majontv of patients m this senes and foi the most part 
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that degiee of impiovement obtained m the first postopeiative yeai has been 
maintained o\ ev a five-year period There is no reason to suppose that it will 
not continue 

16 It is perhaps permissible to postulate that could the technical eypen- 
ence obtained m oui over-all senes of 740 commissurotomies have been applied 
to these first fifty consecutive patients the results might well have been con¬ 
siderably better 
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Discussion 

DR- DON L FISHER, Pittsburgh, Pa —Have any vnlvulnr lesions occurred post 
oporntively? Do iou now follow the recent recommendation of the American Heart As=o 
ciation, to place all patients with rheumatic heart disense on penicillin permanently f 

DR ROBERT P GLOVER (Closing)—To answer the question regarding the ndvira 
bility of the postoperative prophylactic use of long term antibiotics following mitral com 
missurotomi, our prnctico has been ns follows All patients have been advised to continue 
the u-=o of oral penicillin, 200,000 units twice daily, for tlie first postoperatnc Tear There 
after, it has been suggested that this medication be taken during the winter months and at 
other times whenever symptoms of upper respirator! infection develop We have had no 
wav of checking the efficacy of this program but have felt that adherence to «uch a regimen 
might well check or minimize the recurrences of rheumatic episodes 
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Quite probablv mod. patients have not accepted this advice or have not earned ont 
such a program over a Jong period of fane In nnv event, Dr Janton, onr cardiologist, has 
noted on. a number of occasions, in onr over all senes of S00 mitral commissurotomies the 
appearance of murmurs in the aortic area not present prior to surgerv Presumablv this 
mar represent additional rheumatic valvular disease but whether this represents a mnnifes 
tation of new pathologr or merelv a continued development of old pathology cannot be 
stated 



CONSIDERATIONS IN THE SURGICAL TREATMENT OP 
VENTRICULAR SEPTAL DEFECTS 
Earle B Kax, M D , He\r\ A Zimmerman, M D (b\ invitation), vnd 
Frederick S Cross, M D (b\ invitation) 

Cleveland, Ohio 

1 | 'HE impression is gained fiom the liteiatme, as veil as fioni many of 0111 
A medical and pediatne confreres, that ventnculai septal defects are fanlv 
benign, congenital caidiae malfoimations It is not until one eiiticallj revievs 
a laige mimbei of his own cases, not only on clmical gionnds but also by 
roentgen, caidiogiaphie, and cathetenzation studies, that the fallacy of this 
impression becomes obvious 

Ventnculai septal defects ueie fiist descnbed by Rogei 1 in 1879 He ivas 
impiessed by uhat appealed to him to be the lack of objective signs and 
symptoms othei than the finding of a harsh sjstohc muimiu He felt that it 
repiesented a lesion that uas fanlj u ell toleiated by the individual, yet, his 
conclusions ueie diaun on patients who weie followed for lelatively shoit 
penods of time m -which tlieie was no pathologic venfication These news on 
the benignanct of the condition, based on such incomplete evidence, have pi e- 
vailed to the present trme and are still quoted by leading texts on this subject 
Abbott, 2 in 1932, leported 55 isolated ventnculai septal defects, stating that 
symptoms weie usually absent and that caidiac function Mas seldom distuibed 
She also has been extensiv elj quoted as to the bemgnancy of the lesion, yet, in 
1936 3 she stated that the aveiage age of death Mas 14 5 yeais, Minch does not 
beai out this impiession In her excellent text, Taussig 4 differentiates between 
the small (less than 1 cm ) type of defect described by Rogei, 1 nhich pie- 
sumably is vyell toleiated, and the laigei, highei-placed type of defect ni uhicli 
the piognosis foi the patient is moie guaided The complications of bactenal 
endocaiditis and seeondaiy changes m the pulmonaiy vasculatuie aie men¬ 
tioned, but the senous impoit of the lattei complication is not leally stiessed 
With the moie piecise diagnostic method afforded by cardiac catheteriza¬ 
tion, these views aie rapidly changing This change in attitude should be 
furthei accelerated by the maiked impiovement shoun m the few patients 
Mho have undeigone singers foi closuie of ventnculai septal defects Evi 
clence demonstiating that ventnculai septal defects may be a serious thieat 
to life is noM r accumulating All of the 24 patients uhom Me have studied 
ha\ e shown a consideiable shunting of blood thiough the defect, and an 
delated light ventnculai and pulmonaiv aiten piessuie In some cases it 

From the medical and surgfcal services of St Lukes nml SC Vincent Charity Hospitals 
and also from the surgical laboratory of St Luke s Hospital 

Supported In part by research grant from the Cleveland Area Heart Society 
Read at the Thirty fifth Annual Meeting or The American Association for Thoracic 
Surgery at Atlantic City New Jersey \prll 24 to 26 1955 
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KAY ET AT* , YEXTRICCLAR SEPTAL DEFECTS 

has been estimated that as much as 50 pei cent of the left a entncnlai outflow 
is shunted into the light a entncle and pulmonan cndilation Otheis hare 
confirmed such findings 3 Ot 34 patients who died with leutuculni septal de¬ 
fects studied bv Edi\aids r 25 weie intauts who died undei 1 aeai of age 
Some of them had othei causes of death Lillehei has leported an average 
pressuie of 70 mm Hg in the light a entncle m 29 patients opeiated upon As 
noted in Table I theie appears to he a con elation between the peicentage and 
duration of shunt flon and the light lentneulai and pulmonaiv aiteir pies- 
sures, that is the gieater the shunt ftou. the highei the pressuie obtained m 
the right ventricle and pnlmonaiv arterv up to a certain point "When the 
pulmonarv hvperteusion and pressuie Anthni the nght \entncle begin equaliz¬ 
ing the left veutnciilar pressure shunt floiv will diminish and might even le- 
\erse indicating the seveie changes m the pulmonarv vascnlatnie Geneiallv, 
there is a significant degree of aitenal desatuiation associated with the higher 
pulmonarv pi essnres 


Tabu L Caemac Catuetetization Findings on Twenty Two Patients With Ventricvi-ae 

Septal Defects 
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Theie has been some conti oieisy as to the etiology of the pulmonaiy 
' asculai changes Edwaids, 6 0 m paiticnlai, has postulated that these changes 
aie an additional congenital defect smiilai to those noted m pumaiy pulmonary 
hypei tension Dammann and associates, 1011 on the other hand, teel that these 
changes aie not congenital but aie the result of longstanding pulmonaiy 
hypertension lesultmg from incieased blood flow thiough the shunt Un¬ 
fortunately, these vasctilai changes fiom pulmonaiy hipeitension may leach 



Fig 1 —Gross specimen illustrating the marked degree of pulmonary medlosclcrosjs 
associated •with pulmonary hjpertenslon secondary to a septal defect and increased pui 
monarj blood flow 


a stage wheie they aie no lougei reveisible and suigeiy directed toward 
closuie of the defect will eithei end in failuie oi do the patient little, if any, 
good 

Theie is no question about the desirability of closure of significant 
c entncular septal defects The problem should be focused on the perfection 
of suigical techniques and the ciystalhzation of the indications and contra 
indications for suigical niteicention One must be cognizant of the facts that, 
if benefit is to be denied bj suigical closure, such patients should be operated 
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upon befoie inferable damage to the pulmonary endilation deA elops 
Furthermore, increasing pulmonars and light a entneulai piessuies add to the 
risk of sui great intern ention Of the 5 patients aa ith a entneulai septal defects 
operated upon In us the aAeiage light a entueulai pressure m the three 
patients A\ho died postopeiatnelj A\as 98 7 mm Hg and then arterial oxygen 
saturation A\as 89 4 pei cent, as compared to a piessuie of 62 mm Hg and an 
artenal saturation of 94 6 per cent in the tiro successfully tieated patients 
In our experience mfants and children with Aeutucular septal defects hare 
shoun eudeuce of eleiated pulmonaiT piessuies and failuie at a much eailiei 
age than those aa ith atnal septal defects Oiu studies has e shou n that A\ r hen 
the Aentucnlai piessure is oier 90 mm Hg, m the presence of artenal satura¬ 
tion of less than 90 pel cent, pulmonaiv Aasculai changes that might not be 
reieisible undoubted!! hare taken place Othei factois hoAAever, must be 
taken into consideration, such as the age of the patient, duiation dunng Aihich 
eleiated pressuies hare existed the size of the heait, the degiee of pulmonaiA r 
a aseulanzation (b! r x-iav) and the pulmonary resei a e One must iveigh the 
risks of operation against the dangers of ivaiting 

Patent ductus aitenosus, atnal septal defects and a entneulai septal 
defects, from a plmiologic standpoint repiesent essentially the same type of 
lesion, that is one with left to nglit shunting of blood noth OAeiloading of 
the pulmonary circulation The mdientions foi smgeiv, Auth feAA exceptions, 
m patent ductus aitenosus hare approached the ideal 'When the diagnosis is 
made and the optimum age for suigeiA is leached, the opeiation is peifoimed 
Unless the patient is getting into seieie difBculties, A\e folloAA essentiallv the 
same pattern AAith atnal septal defects hlanv of oiu patients, houeiei, fiist 
come to us Aiell beiond this age group Yentncular septal defects aie handled 
somew hat differently If the a entneulai septal defect is tolerated fan 1 a 7 ivell 
on the basis of such clinical findings as exeicise tolerance and accepted aa eight 
gain and if the x-iai - pictme and cardiogram me not significant!! ahnoimal oi 
shmi no rapid piogression, the child mav be followed to an optimum time foi 
surgical eoirection If clinical simptoms and caidiogiaphic and x-rar changes 
are seiere, hoAieiei, catheterization should be earned out eaih and if mtia- 
Aentucular and pulmonan piessuies aie elei ated suigical lepan of the defect 
must be giien serious consideration 


TECHNIQUES 

Early attempts at closuie of Aeutucular septal defects utilized so-called 
"closed teelmiques ” Hunan 12 m 194S, attempted to close Aentricular septal 
defects In passing fascia lata stups in an antei opostenoi direction thiough 
the Aentncular septum and defect In 1932 Bnilev and his associates” cm 
ploved trans! entneulai per icai dial giafts to plug the defect Honeier such 
grafts tend to become ntiophic filnotic and ineffective In 1952” lle Ber 

i 0r 'oil? C n lS Vi OSUre , “ f " r UUltulm sntme technique in 

a -0 a ear old AAhite girl emplmmg a “closed technique ” Although a mur 

mur is still present this patient has been significant!! nnpioAcd bv operation 
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and now leads a noimal life Catheterization studies peifoimed eighteen 
months postopeiatnelv demonstiated a 1 eduction in the light \ enti icular 
piessuie ±iom SO/3 min Ilg picopciatricly to 40/4 min Ilg affciwaid Tlic 
o\igen studies pieopeiatneh veie 13 \oluinc pci cent in the snpenoi \ena caia, 
12 5 yoIume pei cent m the inteiioi yena cay a, 14 27 yolume pei cent in the light 
atnum, and 15 9 yolume pei cent m the light lentiicle These clianged jiost- 
opei atively to 11 07 volume pei cent oxygen in the supenoi vena cava, 12 21 
yolume pei cent in the nifenoi yena cay a, and 12 69 volume pei cent in the light 
yentncle The sample fiom the light aiuiele ivas m the legion of the coionan 
smus 

Swan 15 and Bailey 10 have attempted closuie of ventuculai septal defects 
by dnect sutuie through the open light ventucle, employing hypothemna 
yyuthout success Gibbon 1 " has employed the open technique in a 38 yeai old 
man, maintaining the cai dioiespnatoiy functions by an extiacoipoieal encint 
foi twenty-six minutes This patient died the horns postopeiatively The 
gieatest success has been expenenced by Lillehei, Yaico, and then associates 
m employing cioss circulation while closing ventuculai septal defects through 
the open heait Then latest lepoit' reyealed 22 successful closuies and 7 
postopeiative deaths with this technique Dining the past two yeais ve haie 
operated upon six patients with yentnenlai septal defects One of these 
patients was an 11-month old baby with tetralogy of Fallot Four patients 
have been opeiated upon thiough an open eaidiotomy In thiee, cioss cn- 
culation was employed and, m one, a pump with a lesenon of aiterial blood 
was used In only one patient was the opeiation successful Two patients 
have been opeiated upon by “closed techniques”—one successfully, as ie 
poited pieriously, and the second unsuccessfully This latter patient was a 
5-yeai-old gill with pulmonary piessuies of 100/60 mm Hg and an arteiml 
satui ation of 89 pei cent The cathetei appaiently had withdiawn at the time 
of the ventnculai sample and she was thought to have an atnal septal defect 
as veil as a yentnenlai septal defect The light amide was exploied first 
The atnal septum y\as intact, but a ventnculai septal defect could be pal¬ 
pated beneath the septal leaflet of the tricuspid vahe The defect vas being 
closed by means of one of the “closed techniques” developed m the laboiatoij, 
which v ill be descnbed latei, vhen yentriculai fibi illation dey eloped The 
heait. could neyei be lestaited aftei the venti lcular fibi illation vas finally 
stopped 

Regaidless of the ultimate technique used, the siugeon must be cognizant 
of ceitain facts legaidmg the anatomy, pathology, and physiology of yentncu 
lai septal defects vluch dictate the piecise vaj m -which they must be closed 
Ventricular septal defects aie most commonly located in oi just antenoi to 
the membranous septum, just pioximal to the aortic mhe on the left yentricu- 
lai side and adjacent to the septal leaflet of the tncuspid inhe on the right 
ventnculai side (Fig 2) They aie found less commonly in the muscnlai 
septum This discussion will lie limited to the high membranous defects 
Occasionally, small defects mar be bounded by a veil-defined septal edge 
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However most of the patients who die from their septal defects or who have 
defects causing sufficient disabilitv to variant operation have larger detects 
and there is little or no septal tissue on the uppei bolder because ot the failure 



Fip 2-—-t Photograph of a large \entrtcular septal defect in a 5-vear-old girl as viewed 
through the right \entricle The arrow on the left i* at the edge of the septal leaflet while 
the one at the right oterlies the anterior leaflet hvpertrophied from the abnormal left to 
right shunt flow 

B Defect from the same patient, as viewed through the left \entrlcle. \rrow^ demarcate 
the edges of the defect TLe opening of the defect i« filled with \alvular leaflets from the 
tricuspid \al\e. 
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of the aortic septum growing down to fuse with the ventricular septum In¬ 
stead of being lound, such defects axe m the shape of a half cncle, the upper 
edge of which may be formed hy the annulus of the aortic and tricuspid 
ralves (Fig 3) In some instances there is slight oreiriding of the aoitic 
\ alve so that, in essence, theie is little tissue, if any, ahoi e to sutuie to without 
mcoipoiatmg either the aoitic or tucuspid leaflets It is mandatoiv that such 
defects be closed in a longitudinal manner appr oximating the apical suiface 
of the defect to the annulus, as demonstrated m Fig 4 If such defects ai e 



A B 

Fig 4—4. Gross specimen of a \entricular septal defect \iewed through the open left 
\entricle demonstrating the correct apposition of the lower edges of the defect to the aortic 
annulus in a longitudinal direction Defects closed in this manner do not occlude the aortic 
outflow tract or aortic \ahe Edges of opened aortic \al\e are demarcated b> arrows 

B Same defect as abo\e demonstrating partial occlusion of aortic \al\e when \entrlcular 
septal defect is closed In a trans\ erse direction 


closed in a tiansveise dnection, it is impossible to close them completely with¬ 
out embarrassing the aoitic outflow tiact It should he stiessed that the de 
feet, when viewed thiough the open light heait, is frequently coieied by the 
ensta supiaa entneulans and that this landmaik must not he mistaken foi the 
lower edge of the defect oi used m its closuie Lillehei and his associates 
have accomplished closure In two one-half pmse stung sutmes When theie 
is some septal tissue aboae, this appeals to be a satisfactoiv technique In a 
numbei of specimens examined, however, eithei the septal tissue aboie is 
lacking oi it is so concealed under the septal leaflet of the tucuspid inhe that 
it is difficult oi impossible lo see and to close it without incoipoiating either 
an aoitic cusp oi pait of the tucuspid leaflet, eaen though the vahe leaflet is 
retracted and its papillaiv muscle seieied In man} instances it appears that 
such defects, when lacking m septal tissue aboae, can be closed better by 
passing the suture from the lowei edge out through the pliable myocardium 
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just proximal to tlie aoitic lahe at the junction of the aoita and light auucle 
which can he easilx seenlvt letractmg the light auiTCiilai appendage (Fig 5) 
This is in a legion fiee of the eoionan \essels This technique is paiticulaili 
useful in opeiating upon patients with an deluding aoita, in which ease the 
overriding and septal defect aie closed at the same time YThen such defects 
aie closed in this mannei theie is no danger of mcoipoiatnig eithei the aortic 
cusps or tricuspid leaflets This technique can be emploved m eithei open or 
closed mYoeaidiotomies The position ot the incision nito the light \eutiicle 
is also of importance Unless it is necessary, m cases of associated pulmonaiv 
01 lnfundibulai stenosis, to make the incision along the pulmonaiv outflow 
tract it should be placed in the dneetion of the light ventiiculai inflow tract 
so that significant eoionarv aiteiies aie not seveied with resulting mvocaiclial 
ischemia 



Flnr-oT^U 5 ,Diagrammatic sketch of Tvpe I method lor closure ol -ventricular septal defects 
ralrmteo 1 f Eert . ed Into right ventricle septal leaflet ii retracted and lower septal edge is 
mtotcimr th 8 . uture ls Introduced on a large curved blunt needle and Insertetl through the 
b«tw ecbthrough the lower edge of the septal defect and out through the angle 
In a Virnii l aorta «nd right auricle The other end of the suture ls rethrended and passed 
'Urcenn , if ( ~ ann f, r Se ' eraI sutures are placed and tied b\ the assistant ns directed b> the 
‘(.eons lntracardiac Anger (see text) 


In appiovimntch ten months evpeneuce with the use of conti oiled cross 
circulation both in the Inboiatoiv and cliniealh many pioblems haie anseii 

nth"" 101 S ° me ° Ie npphc ' lble to the cross-cn dilation technique pei se and 
e r-> are applicable to open eardiotomv using anv tvpe of artificial nuniD 
°'ivpcnator 

Ohnouslv the ciitieal aspect of the cioss cndilation technique is the 
per pieoperatne hal nice between the donoi and leupient enciuts and the 



